. Eaſy and Methodical Way to become 
| | n 0 
[ CONTAINING, 

14 Seer and Sake with its Use in 2 
7 Plain and boch I 
pignometry, Spheric, 


£0 NAVIGAT ON, viz. 
In Plain, Mercator s, aft Great-Civcle-Sailing, 

"| - graphy+ Aſtronomy, 'he Projecion ofthe Sphere, Be. 
Ee Eh renee? ba Oh 
| A New Form of keeping a Gi Acne of 
| | Ship's Way. . 

A Traverſe Table ; rn, gs 
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= The PREPACE.. 


i 1 V 
| 


r as Links in a Chain. 
Trigonometry 
' Notes and Definitions, with the Axioms, and alſo the || * 
nn erderly ſet down in 8 Pro- 
13 C | 
bg me inte hes wats 
by the Logarithms, 10 conſult Chap- | © 
and Gone Ute of the Table 


is. next, in which are many 


.u 


And here 1 


| nothing be wanting, I begin with the common | 
Notes of the Julian Kalendar; fhewing 


Picks Sailing, 
{ „ "Won — a! Cour = 
© - — Traverſe. — fo 


OO In 4 Problems. 


ww” TVS FR 


wo @ 0 & 


The PREFACE. vii 

Parts, cr tbe Meridional Line on Gunter's Scale .; 
And in Caſe that Table or Line be wanting, to ſupply their 
raom, I have added Problems of Sailing by the Middle 
Latiude, which will nearly agree with v An ar 1 


V. Spheric T » or the Doctrine of 


rigonometry 
1 Triangles Rectangular and Oblique, is next in Order; and 


it being fo neceſſary, you Jhall under and bow to make « | 
Spheric Tri „ and alſo how to meafure any of its Perts, 


before the framing and wor king Proportions therein, I have 
| fully explain d that Matter in the beginning of this Chap- 
| ter, being in a Manner @ New Inp:ntion, which I call Sphe- 
ric Geometry; This you have in 21 Problems. 


And in Spheric Tri it ſelf, (the next in Order ) 
you have all abe Axioms and Caſes, both in R lar 
and Tri er plain d with neceſſary 
Notes on each Taje: As to know when a required Angle is 


Acute or Obtuſe; and when a required Side is mere or leſs 
f than a Quadrant, 1s 12 Problems, containing 


28 Caſes. 
VI. The Deſcription and Uſe of both Globes, is the 
—_— in wbich 1 bove plainh ans feniliary 
of the moſt neceſſary Things 
„ in 24 u/ejul Problems. 
and Uſe of the 
2 the Plain of the Ecliptic. * 
fs the Subject of this Chapter, which is 


of 


1c Triangle, all the Variety 


5 Syſt : . - 
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The PREFACE. 


| Table; which tb it Sands in ſo Bttle Roam as two Pages, 
it the Difference of Latitude and Departure from 
| and for every Point of the Compals. 
Next to that, A of Meridional Parts 


ra Te PREFUCE 

Aul next affeining is « Talle of 10,000 Loguriiees. 

. After which you haue @ Tri 
E and Se- 
cants, 70 every Degree and Minute of the Quadrant, which | 
are correfted with more than ordinary Care, there being no 
Volume (when this Book was firſt 171 
extent that had Secants beſides this. 
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) now extent : It's the very. | 


NY now 50 Years, finding it ever 
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—— Eometry is a Mathematical Science, ex explaining the 
G Kinds and Properties of continued Quantity, or Mag- 


Section I. Of Lineal Geometry, or the firſt kind of Magnitude. 


1 ih Bis. ©. ron hh. Dies 


W 


, PR 


Errrous of the Art of Navicartion. 
CHAPTER I. 


Prattical Geometry ws yd by Definitions, Prebloms 
and Prepertions. 


nitude : that is, a Line, z Supertcaes, ang a Selig. 
whoſe Original is from a Punt. 


Pun# or Point is that which cannot be divi- 
ded into Parts, and is the End of a Mathema- 


Defaition. 1. A 


— ; 


Line to "OE, 
Problem 1. ESE —— 


2 &.. md 
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E is the middle of the Line AB, as was 


Practical Geometry. Chap. I. 
1. Take (with 2 pair of Compaſſes) the neareſt Dithance be- 
tween the given Punt C, and the Line AB. 

2. With that Diſtance (in the and one Foot of 
the Compaſſes (any where in the Line AB,) draw (that way the 
Punct C lieth) an Arch D. 

3. From the Punct C, draw a Line to touch the Arch D, 
and it's done, for the Line CD, is pwallel to the Line AB, as 
Was required. 


Problem II. To biſef or divide a given Line into two tqual Parts. 


Example. AB is a given Line. Plate 1. Fig. 3- 


To find the middle thereof is required? | 
5. WI ary any Diſtance, (greatet 1 aus Low 
the Arch CD 


AB) and one Foot of the Compaſſes on A, deſcribe 
2. With the ſame Diſtance, and one Foot on B, croſs the | 
former Arch in C and D. 
3- By C and D draw a Line which will cut AB in E, the 
middle; and it AE is equal to EB, it's done true; which point 
required. | 


Prob, III. Te alt « ebe Bene Nr in « gives Line. 


9292 + Ie ' Nelining Lines are not of Diftance, and 

1 will meet, re 
CD. Plate 1. Fig. & 

2. The meeting of Inclining Lines, (called an Angle) i either 
Direct or Oblique. 

3- Diret-meeting of Lines, is when the Angles on each Side 
are equal, as EGF, and GH ; and this kind of meeting is called 


| Perpendicular. Plate 1. 4. 


Example. is 2 Line given. 
The Punt A one end of it, from whence to ereft a Perpen- 
dicular is required. Plate 1. Fig: 5. 
1. With any Diſtance, and one Foot in A, draw an Arch to 
cut the Line AB in D. 


* 
0 * 
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Chord of 60 deg. to cut BC in E. 


14 Prafilical Geemetry. Chap. I. 
1. As before (with one Foot on Bj draw the Arch EF with 2 


2. Qu that Arch make EG equal to GF, and each equal to 
gid. the half of road. that is, take 51d. from the ſame Scale of. 
Chords, and lay it on the Arch from E to G, and from G to F. 
3. By Band F dau the Line BFD, and it's done ; for the 

CBD is an Obtuſe Angle, containing 102 
Sect. II. Of Superficial Geometry, or the ſecond Kind of 
itions. t. A Superficies hath no Thickneſs, only — 
and eadth, it's made by the moving of a Line; and is either 

. CONVEX, Or concave. 

I RO RR is a Figure flat, ſmooth, even, and 

made by the Motion of Right-lve ie either kerle or various 

22 85 


5. A Figure bounded by Lines, is either N a 
Quadrangle, or a Multangle. | 
Superficies there are three things to be noted. 
x. The Tem, which is that Line or Lines bounding it, ag 
BCDEB. Plate rx. Fig. 9. a 
2. The Canter, which is a Punt in the middle of it; as A. 


Seck. I. Praftieal Geometry. 9 


Problem VII. To draw the Periphery. of a Circle i———— 


— = ny 


one Foot on A, draw the Periphery BCDB, and it's done. 


\ \ g ” — 
* 5 * 


2. With the Diſtance AB equalto AD, and one Foot on A. 
deſcribe the Periphery BCDEB, and it's done. 


three Puncłt, not in a Right Line. 
Example. B. C. and D. ese 
to draw the Periphery of a Circle is required. Plate 1. Fig. 81. 
1. With any Diſtance (greater than half CB, or CD) and one 
Foot in C, draw an Arch FGHIL, _- 
2. With the fame Diſtance, and one Foot in B, croſs that 
Arch in F and G. 
3. Likewiſe (with the fame Diſtance and) one Foot in D, 


| cut the former Arch in H and I. 


4- By F and G, and H and I, draw Lines to cut each other 


min A the Center. 


3. With the Diſtance AB, equal to AC, equal to AD, and 


Problem VIII. To quarter 4 Circle, or in 4 Circle to draw two 
Diameters at Right angles. 

Example. BCDEB the , and A the Center of the 
given Circle ; in which to draw two Diameters at Right Angles 


tis required. Plate 1. Figurs 12. 


1. Through the Center A, draw the Diameter BAD. | 
. Biſect (by Problem 2.) BAD, by drawing the Line CAE, 
and it's done; and if BC, CD, DE, and EB are equal to each 
other, it's done true, otherwiſe not. | 
F LE. To find the Chord, Sine, Tangent, and Secant of 
an Arch of a Circle. 
D 


efinitions. x. I the of a Circle be divided into 


Periphery 
Degrees ; a Degree divided | 
Aa ih, toe 


1 Seconds, &c. Plate 1. Figure 13. 


2. The Arch of a Circle is any part of the Periphery ; as EB, 
or EBF ; and rere 


» Tangent toucheth the and is perpendicular to a 


16 


& BE 


in the touch Punt, as 


1 


is a Tangent Line of thb 
the Periphery, being drawn from the Center 


Eva, 4 


as AC is a Secant of the Arch BE. 


angent, 


T 


Problem 8.) by drawing the 


V 
I Plat 


G; then is BG equal to GH, 


I 
Ex 
A, 
equ 

| hr 
equ 

cut 
Pr 


4 
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it er 
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5 eh. an 


= SA 


t. rn I 
1 He 6) 2 Chord of God. and with one Foot on 
Kos windy, br th 4 lay the Chord of 1 


A 


9 Example. The (_—_— AC my ny 7 
win them to e a Right rr Angle Trade — 


342 
2. At B (by Prob. 3.) 
Wim 41 Perches: (That is, take 471 from the fame 


Equal Parts, e 


Pro. * 7s mals g ge e Le aud wa | | 
e 1 + . 2 24 
r. The e AG bel 250. I 
n 0 
1. » 17. <2 
* dad” 4 


5 \ 
2 


\ 


— bee The Leg 182 426 Leagues given, | 


4 „ "+ 


Prater oed. 


of equal Parts, take 4rg, and hy it from 'A- ww” Add 
B (by Prob. 3.) in Page 82, erect a Perpendicular BC. 
' 2. At A Toy Prob. 5. Example 2.) in Page 13. make th 
Angle BAC equal to 40d. 25m. (which is thus; take a Chon 
of God. and with one Foot on A, draw an Arch, on which 
Arch lay the Chord "OS 25m.) by drawing the Line AC 
and it's done. 


From. XIII. To male a Right Angle Triangle, the Leg 


given. 


=_ 2 , 


ay 


18 


v 


. Whh them to make a ight-Angie Triangle, is uired, 
29 * And B 

Make N — 142 at Prob. 
n erect a P * . 
2. Upon the Perpendicular nas BC og 9 er. 


und from A to C draw a Line and in's done. 


| Of Oblique-argle Triangles. © 
Definition 17. An Oblique Triangle hath three Oblique 

Angles, and is either an Obtuſe or an Acute Tris 

2. An Obtuſe Triangle hath one Obtuſe Angle, that is, one 

Angle more than god. as BCD. Plate 1. Fig. 19. 
3- An Acute riangle hath all its three Acute ; tha; 

is, each Angle is leſs than god. as EFG. Plate 1. Fig. 19. 
Note; To make an Oblique Triangle, three things, * 

of them a Side) muſt be given. 


F RO XIV. To mate an Obligue Triangle, ue Angles an 
s fide oppoſite given. 


” 


 Praflical Geometry; 


II. 
Add 114d. md 264. den i's 2464, dn ne 
Which ſubtract from od. com. the Tom of the 


nake tl — — 

: Cho Nane 

| whi y Prob. 5. Examp. 2.) in Page 13. make the 
equal to 39d. 20m. by L Live DB; 


That is, with a Chord of God. and one Foot on B, draw an | 
Arch, on that Arch lay the Chord of 39d. 20m. by which draw . 
be La the Line BD, and it's done. 

Prob. XV. To make an Obbque Triangh, two bia and a 


I 
Brant. nid 426 5 Mites > given, 
BCD 108d. 30m. 
i dem in wake an Oblique Trae i required. ua. 


426 Miles and one Foot in B, cut the Line CD in 
wy pour» pg and it's done. 


VI, To make an Obligue Triangle, twa Sides, | 
an included Angle given. nd 


Te . Make the. Side BC equal to 33 Feet, And at B 
. Prob. . Ern, 3) in Pages x3 and 14. make the Ang 
] RICE Fats wt by © nd Dram 

. 2 
Line, and it's done. "y ; - 10 


20 Practical Geometry. Chap. I. 
2. With 250 Leagues, and one Foot in D, cut the Arch in 
C, and from C draw Lines to B, and D, and it's done. 


Sect. II. Of Proertios for the read meaſuring of Super feces 


is 
23 7 


:: Diameter . Periphery. 
Pariphery ? 


- 


Example. cr 34 

Inches 206.8 Tenths of an Inch. For, 
| 7. Þ oe "_ . 

ALS Le © 34 Inches .. 106.8 tenths 


Ga > L 2 


„ 


Leck. II. 


1 2 nne 


2 


J 424. 4. 8. £4 


Praftical Geometry. 21 
That is, The Extent of the Compaſſes, ( on the Line of Num 
» ders) from 7 to 22, or from x to 3-14, &c. 1 2 
Inches to 106.8 neareſt. Obſerve the like in all the reſt. 


Prob. XIX. By the Periphery to find the Diameter. 
$1 : Periph -- Diamet. 


mo -». hy, Area. 
| Enany, The Diameter 14 Inches; What is its Area? A. 


54 Inches. 
"By Prot. 18. The Diameter being 14, the Periphery is 44 


as1 FF 722 -- 154 Inches, the Area, or Content required. 
Prob. XXL By the Poriphey  fud the Aves. 


And by 


gk nh 6b tg = 29 - Inches 


CS. ths a ett. 
That is, 1 Periphery be Inches, Feet, 
my Sag + then the Aren is Inches, Feet, or Yards, &c. 


Prob. XXII. To reduce the Ares, or Content of any thing found 
in Inches, to Feet; or into Beer, or Hine-Gails. 
1. Tub or Fats y, -zu eee 


| 222 — ü: 2 Arca mn Inch, « . — 


4 


— - <> —— 
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| Prafiical Geometry. Chap. l. 


22 | 
n 6—— catned 


Prob XXII. The Diameter, or Periphery Ce Cirds give, 


to fd the fide of the inſcrib Square, or the Chord of go deg. 
The Rube, As 1. $:797 1 2 Side of the in- 


ſcribed Square, or Chord of 
Examp. The Diameter of a Circ being Feet 3-4 4 Tenths ; 


What is the Side of the inſcribed Square, or the Chord of 


go degrees? Auſib. 1 | 
For; As t .. 0.507: . 2.4038 the Chord of go deg, 
or Side of the inicribed 


| Prob. XXIV. The Buſs ond r gere of mi a. 


. I demand the Area? Anfw. 96 Inches. 


ven ; to find its Area. 


The Ridle. As fi. * Baſe : : Perpendicular . "Revs reguived. 
Examp The Baſe 16 Inches, and the Perpendicular 12 In- 


For; As 1. 8: : 12 .. 96 the Area required. 


Prob. XXV. The Length and Briadth 92 
given; to find its Area. 


Definitiin 1. A Quadrangle hath f dad ad four 
Bides as ABCD ; and is either a Paraliclogram or à Trapezia 


1. 243 
2. A Parallelogram hath its oppolite fides parallel -and equal, 


# ABCD; and is either a Square, a, Long-ſquare, a Rhombus, 


| or Rt:omboide ; the firſt two are Rectangled Farallelograms, the 
_ latter are Obliquangled 


Parallelograms, 

e None and four equal Angſes : 
AN. 2 
A Lov Shane, bath but two Sides equal and four equal 
Angles ; 2s EFGH. Fig. 24- Fa 
5. A Rhombus, hath four equal Sides, and but two oppoſite 
2 r 
6. A er 

En the two is not IM ner NN 
But > Perpendicular N, and QR, and to meaſure all Pa- 
raſſelograms, obſerve'this General Rule. * * 
8 As 1 .. Breadth :":\Length .. Area required. 5 ws 


Sect. HE Practical Geometry, - \ © 23 
Dran x. A Square whoſe Length AB, and Aeadth BC, 
each is Feet 2.5 tenths : What is the Area? Auſt Feet 6.25, 
parts of 100. For; As t. 2.6 : :2.5-- 6.25 Area.” Bi - 23. 
Examp.-2. A Long-ſquare, whoſe Length EF, is Feet 2.5, 
| and Breadth FG is Feet 1.6 : What is the Area? Anſiv. 4 Feet, 
For; As1-+1.6: : 2.5 -- 4 Feet the Area. Plate 1. Fe. 24. 
5 Examp. 3 A Rhombus whoſe Length IK is Feet 2.5, and 
Breadth MN Feet 1.6: What is the Area? An/iw. Feet 4. 
N _—_— 3 late 1. Fig. 28. 
7 | For; As1-+8.6: : 2.6 ++ 4 Feet the Area required. & 
3 Example 4. A Rhomboide whoſe Length NO is Feet 2g, 
and Breadth QR Feet 12. What is its Area? Anſtv. 300. 
For, As 1 82: : 25 -- 300 Feet the Area required. 
5 Plate t. Fig. 26. 
Trapezia given; to find its Area. hy | 
| Definition 1. A Trapezia, hath its oppoſite fides and its op- 
polite Angles unequal ; as ABCD. Plate 1. Fig. 7. 
| i. 2 is a Line drawn from its oppoſite Angles ; 
as A | | 


15 Feet; and DF 12 Feet: What's it's Area? Ae. 378 Feet, 
Fer; As 1+ 14: 27 + 378 Feet the Area required, "MY 
mY IE 


', Pte 1. 
Prob. XXVII. The Length and Breadth of an Lg 
Ou , to Gr gh, to find the Area. * 


aa : : 4th abe - Ares required. © 
Conjugate 


, 


- 


eſe Diameter of an Ellipfis 12 Feet, and 
e Diameter 8 Feet. What's the Area? Auf. Feet 75:4. | 


* 


For, As x--$: :12++96 the Fourth Number. 
© - Feet 75.4 the Area regu 


To fnd the dries 
Double 
22 


11: : 96 
To 
Axe:: Dt 
. : 4th Nur 
Parabola 


, * 


x 
in As 3- 


- 
0 , 

? __ - 
* 

3 * 
F 

A ” g * 
- 


48 Feet the Ares 


Geometry. 


9:8. 72 
352: 272 
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1 
#1 
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Hig 


- 


7-43 


to fad the 


A Sphere or Globe, is a Round Solid, whoſe 


rcadth an 
the Rotat 


* 
© 0 


reacheth to Feet 
For it's thus; _ 
12 


z and the fame Extent will reach 


n 1 to Feet 2.42, the Diameter, | 


by this Rule. 


Solid Content. 
N. : Cube of Diam. - Cont. required. 


0.324, Ee. 
required. 


1.27147 


Depth, is - like and equal ; being made 
2-42, 


ion, ar moving of a Semi-circle about its Diameter; 


3 found 


a enn 


1.27 io 3.07 
15 * Iz 


11 
_ 
times from 
the Content 
0.624 
from 1 to 


. 
ifl 2 


The Extent 


reach from 0.524 io 1.27 


11271185 
W 


and 
of 200. +; 


þ D 7 icin A Sp heriad, is an Oval * 


Solid, Longer than it is 
the Rotation of a Semi-Elliplis 


made 


1 
i > 
1 
1 N ' 
} ; 
4 
1 2 8 
1 or 
4 4 ; 
2 * + — — 
N its | | 
& 1 2 
- 4 . * 5 1 
. iv * — . ? | 
- . * : <2 „ . 
oo 2 1 , 
* * * 
4 1 * * * * 
* * 6 ”. <4 * 5 
r — 
, 10 4 


we: 33 
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Sea. VL. Praftical Geometry. 25 
raue Length ++ a 4th Number, then fay, 
115 -. 5 n Number «Content required. 

A "Yn 4 St wind - 

or Tranſverſe 
oe Inches 6 3-4 Ten. 


For it's; As 1. Square 4.1: 18 Wet here the Extent 
from 1 to 4-1 is turned twice from 7.2, and it reacheth to 121. 


514 4 Inches 63. 4 Tenths, the 
ASS 123 2 * * 182 Content required. 
Or thus; As 1 20. 524. 2-15: : 2.15 8.813 
That, 88 the Line of Numbers from x to 4. t 
will reach from o. 324 to 2.15 3 and the fame. Extent from 
2-15 to 8.81 Parts of 100. 

Then; As 1. 8.81: : 7.263 4 3 that is, the Extent from 
; 08.81, will reach from 7.2 to es 63.4 Teaths, the Solid | 


Content required. 


Prob. XXXI. The Dine: of « Prijm giver; @ fad the 
Sold Content. | 


$ Diameter is Inches & 7-2 Fra. 


on 1. A Priſm, k » fait Solid, whoſe two Baſes or 
NI. 2-like, 2 like fituate | 
> takes its Sir- Name from its Baſe ; as a Round 

I Tri ar, 2 Quadrangular, or a Multangular i 
2 — La. __ 
As rt .. Area of one Baſe : : Length. Solid Content. 


Examp. 1. . 
Diamater at each End is 21 


And Length is.. | 
What's the Solid Content ? 4 10 

A Cylinder's two Baſes are two equal — 
the Area of its Baſe is found wAY” 30. to be Inches 346.4 
Tentha: Then it is, 


As 1 ++ 346.4: : 30 10 Inches, the Solid Content reg. 


| Tranfverſe 3 
, L e { | 1 
PE Inches 2362. Fog 


Hr a 4” 2 
. : "iy. = * n * Gs, af 
3 — 2 * n — of 
3 p 
— 
- — 


— 


OS % OS TE RT. - 


* © —_———_ — — — »» — — 


— 


— 


What's — ? Ayo. Inches 63, 4 Tenths. » 


41: — _ Extent 
from 8 os * 13: dere the 2 
121. 


Na 


* 8 
Or thus; A8 1. e 

5242.1 
That is, the Extent on "ie of Rents 7+ JO 


r f 


| to 8.$x Parts of 100. 

| z As 18.81: :7.2+-6 

F ; 08.81, will rac from 7-3 0 
— cond 


MY a TIA 


3 that is, the Extent from 
63-4 Teaths, the Solid 


Definition 1. A Priſm, is a ſtrait Solid, whoſe 
Lads we gar Sek « » it Sad, hol two Bake a 
2 D =» > Downs 
— riangular, Quadrangular, or 2 Multangular Prifn, 
As T. Area . : Length Content. 

Examp. 1. A Round Prin, als by fome + Cylinder whole 


And Length 1 5 = 314 Inches. | 
" What's the Solid Content ? Inches. 


A Cylinder's two Baſes are two 
the 
25 © ab 
As 2 I 
lipfis, their 


therefore 
1 


Aar 
whoſe Baſes are equal 


12 
Sl . 


hers the Halls Content ? Arſe, Inches 2362. Fox 


8 
341 
1 5 7 
. ; . 
[2 : 
4 
* 4 
$ 


Praktica! Geomerey.  » Sms 
For it Baſe being an Ellis, the Arca by Prok. a7 i 
Inches 75-4» and then it is, | 
As 1 -+ 75:4: :30 -- 2262 Inches the Solid Content required. 
Examp. 3- - haz - ara daAen + 


And the — of che Solid is 20 Inches. 
What's the Solid Content ; Anfw. Inches 1920. 


The Area of the Baſe (by Prob. 24) in Page 22, We” 


ches: and then it's, 
A$1-- 96: : 20 -- 1920 Inches, Solid Content . 
222 4. A Cube (which is a Quadrangle Priſm, of 
ngth, Breadth and Depth, being cloathed with fix 
weer -— on 12: What's the Solid Content ? | 
1728. 


ku. As 1 of 12:: 12 - +528 © That s, the Extent 
from s to 12, turned over two times from 12, reacheth to In- 


ches 1728 the Solid Content required. 


ExamP. 5. A Parallelepepidon, or a Quadrang] 
— of each, ne 
Length Feet * mm 
What's bs Slit Content ? Auf. Feat 2.9 n. 
For, As 1 -» Square of 2.25: : 21.75 33-9 : that i 

the Extent from x to 1.25, ing turned two times 21-75 


en the Solid Content required. : 
"A Parallelepepidon, or a Quadrangle Prifm, , wholſe- 
Bates are tWO equal Long-ſquares, in each, 2% 

The  Breadth is. 1.6 


1 —— Feet given. | 
Ani Leh of ns ak 741 

Whar's the Selid Content? Auf. Feet 62. . 
For it is, As 1. 1.6: : 2.56 4 Feet, the Area of the Baſe. 
_ Then, as8 +4: : ss“ 62 Feet, Lend Content required. 
In the like manner may the Solid Content of any be 
found, let its Baſe be of what Form foever ;: 105 hon hes 
uh a Comet oft in d th tne Rl Br and 

he FG 89 oem 


a 


the zyt · 


mee e 


Sed. Iv. Prflical Cn . 27 

Prob. XXXII. The Dimenfons of a Pyramid given; to find the 
/ Solid C | 

Definitions. > & Ants do fem 6 tango iid, 


and t other End a Punct, called the Veftex. © 
2. A Pyramid, wha ins fir-name from ins Buſs, 22 2 Round, 


Nate ; By Length underitan a Perpendicular from the Vertex 
to the Baſe, and not the Length of the Pyramid on its Surface 
or outhde from Vertex to Baſe. 

E xamp. A Round Pyramid, called by ſome a Cone, whoſe 

— Lene as & Inches given, 


3465 Inches. 
For the Area of the Baſe is Inches 5 246 cþ by Prob. 20. And, 


- Then; As; 8 which is the Solid 
2 3346.5 30 3465 Inches, 


The like do for any other Pyramid, which I paſs over, having 


P 


— XXXIII The Dimenſion of # Prijtoid given; fo find 


n Solid 
Definition 1. A Priſmidis a ſtrait Solid having two unequal 


| Baſes or Ends, but are parallel, like, and a-like fituate. 


2. A Priſnoid, Is as Various as a Priſm, and is no other than 
the Fruſtum of 2 


3. Fruſtum of @ Pyramid, is the lower Part of it, when the 2 


Dr. 2. —— be 


Praia Geometyy. Chap. I. 
4 1. Add the Square of each Diameter and the Product of the 
= ewo Diameters into one Sum: And then, 
I 2. Say, As 3.82 «+ that Sum : „Solid Content. 

Or more largely thus 42 38197, — Oy 
ſo is the Length to the Solid Content. 


1 1. 4 Square Priſmoid, ruf. ire. 
"Grant, 
8 


J 
Anfw. 8820 Inches. 


Fars 5 27835 1 7 722 


81 Square. 
| ö - Sum of the two Squares and Produtt B 441 Inches 3 


Then, „ 2820 Inches, 8288 — 


2 „ of « Co) 


mri 117 5 FE 


Sum of the two Squares and wt. ts 
Then, As 3-82 ** 4-42 : 3 60 +» 69-25 Feet the Solid Con- 
dent. | 


Examp. 3. 2298 tr Peſts of 62 

n — rn Inches 7.5 
Diameter at 

—— — — 8.7 

Leaſt Diameter at Bottom ——— 5.8 


Tens 


given. 
— Perpendicular — W_ 4707 


_ 8 


Sect. IV. 


11 4 Anſiv. 1717.4 Inches. For, 


* (Eg t- Area of een Die. 
As 1. 37-53 : $0.46 .. 1892.25 1 


Sm 6737.46 
Then; As 3.82 . 131-46: : 47 -- 1717.4 Inches is the Solid 


Content 


If me Baſes of the forefaid Priſmoid had been long 


SR | 

A Pyramidoid, takes its Sir-name from its Baſe and out- 

fide ; as a Spheriodic, Parabolic, or Hyperbolic Round Pirami- 
i ſo of the reſt, as in a Pyramid; all may meaſured by 


u. A Round Pyramidoid, called by ſome  Conoid, whoſe 


bo —5 —— "2 Inches 
Dune! 1 8 
ee. if Parabolic? 42. $197-5 


| The Am of th Bk ack 1465 Fenn, by Fr ac 
And then it's, 


2. q” 146.5::30 52754 Rena Cont. in 


* 


2 : —— "hap. I. 
More Examples I think here needleſs, having given ſo many 
in a Priſm, and the Rule for this and that being fo alike. 


Prob. XXXV. The Dimenſions of the Fruſtum of a Parabolie 
Pyramidoid given; aw of the Frudur of 


Definition. Fruſtum, is the lower Part of a Pyramidoid, cut 
parallel to its Bale. 


A General Rule. 
This is the fame with the General Rule for a Priſimoid, fave | 


: Length . 
But for the Fruſtum of a Square Parabolic f take 
this particular Rule. 
1. To the Square of the greateſt fide, add the Square of the 


leaſt Side into one Sum: 
Solid Content requir'd. - 


Then, 
2. Say, As 2 · that Sum: : Length. 
And for a Round Fruſtum, that is Parabolic, the Rule is; 
. Add the Square of each Diameter into one Sym ; Then, 
2. Say as 3-546 .. that Sum: : Length. Solid Content. 
Oe more largely thus; As 2.54649, is to the forefaid Sum; 
| fo is the Length to the Solid Content. 


_- I. The Fruſtum of a Square Pyrablic Pyramid, 
— 2 6 Top——) 
Side at Bottom 8 100 


Perpendicular Length Y 
What's the Solid Content? Anfto. 2 
For; As1.. 4:4 16 the Square at Top. 
11 6:26 ©. S 
212 4 :6 - 34 the Produft of te two Sides. 


Sum of the 2 — * 
Hy 2. 76: : 48 - 3824 Inches, the Solid Con- 


wr 2. The Fruſtum of Round Parabolic Ppramidoid, 
ruſtum of a parabolic Conoid) whoſe | 

JO = — 
War 6s Sod C Ae 1433 Inches, _— 


— 


1 


ke 
he 
* 


- : 7 
? 


Se. V. Practical Geometry. 2"- 


For ; As 1..4: : 4.. 16 the Square at Top. 

As x..6: : 6.. 36 the Square at Bottom. : 

As . 4: * 6.. 24 the Product of both Diameters. 
Sum of the two Squares 76 Inches, the Product of both Diam. | 
T's 2.546 · 16: : 48 1433 Inches, the Solid · Con- 


Sect. V. The — of the whale, in meaſuring Brard, Glaſs, q 
Plaiftering, Painting, Paving, an Land; Tiniber and Stone ; | 
Gauging of Cask, and à Ship's Hold. "14 


I. BO or Plank, Glaſs, and flat Stone, ws moat ; 

the Foot Square, or Superficial Foot, containing 144 
Square Inches, or 12 times 12: 80 that to know how many 
Square Feet are contained in the Area, or Content of any 
Superficies taken in Inches, the Proportion is this : 

As 144 +-1 : : Content in Inches · Content in Feet. 
But the eaſieſt way, is to have the Foot of 12 Inches divided 
Decimally into 100 Parts, called Foot Meaſure ; and by ſuch 
2 Foot to take the Dimenſions of the thing you would meaſure, 
or know the Content of in Feet. 

Then conſider, if the thing to be meaſured be a Circle, 
Triangle, Square, Long-ſquare, &c. the Rules proper h 


Tm © ho matont be » Cite, then Prob. 20 or 


21 ſheweth how to find its Area; if it's a Triangle, then Prob. 


24 gives a Rule to find the Area; if a Parallelogram Prob. 
hath a Rule to find its Area, whether it be a Sum, 's Bow 


ſquare, a Rhombus, or Rhomboide ; now Floors and 
of Houſes are generally Squares, or Long-ſquares ; alſo 
Planks and flat Stones, are (commonly) Squares or Long-ſquares; 


be an Ellipfis, Prob. 27 hath a Rule for its meaſuring ; and fuch 
are oval Tables. And if the thing to be meaſured be a Parabola, 
then Prob. 28 ſhewe h how to find its Area, | 
4. Plaitering, Painting, and Paving, is meaſured by the 
Yard Square. containing nine Square Feet ; and therefore after 
you have found he Content in Feet the Proportion is this ; 
. Til : Content in Feet +- the Content in Yards, 
nr 


do in Cubic Inches, te reduce them into Cubic Feet, 
; which is the Timber, or Stone Foot, the Proportion is this; 


it, all ſtrait pieces of Timber or Stone, whoſe Ends are alike 


IIxLFT > 27 


% 


FP OT BY ® SS 


A» 8 & mw ow 


bow 


The Rule 1. Say — ; » Half Breadth ;- Fourh 


Length ef the Cack 96 | . 
What's the Content thereof in Beer, or Wine Gallons ? 


| Anfw. Beer Gallons 36 99, or Wine Gallons 45.5. 


As 1--0.7 : : 3.8 . 2.17, which added to 39.9 ; Makes the 
Mean Diameter to be 22.07. TI | 8 
775 n 22.07:: 274-475 Wr. | Gaflons 
That is; the Extent from the Firſt Ferm to the Second, twice 


Prob. XXXVU. 9. To meſure @ Ship, that is, to fad ber 


34 | Meajuring of a Ship, « Bale, Ke. Chap. L 
2. Then; As 94-+ 4th Number : : Laib Tins required. : 


o _ & Dip by Pant by Gn Tack, 3 og Feet by the 
What's her Tunnage? m. 211 Turs. - 
_ As 1 -+ 23:: 1.8 264.5, the 4th Number. | 


Then, As 94 264-5: 75 211 Tuns required. 
8. To meaſure Balis or Caſes, or to give the Tunnage,, 


then, 
.. Tn 1556 pat — b 


þ | them ; they are Priſms, and thetr taken by the 
[ Decimal Prat ; the Content in Cutie Feet is found by Prob 
1 31. And then fay, 
i As 66+ 1 : : Cubic Feet -- Tuns required. | 
Re 
| i 
E And | 
The 


il or both; a 4th (Side or 
[ e Plat or . & 


. 1 


** 
254 


121 + 14% 


» thus, (“) 


marked with 
Cypher 


ify the Side AB, Ce. 


Angles, 


; 5 BAC fignify the Angle 


| Two Letters a Side ; as AB 


whether Sides or are 


21 gf wt 1 47 12 
35 583˙ 85 4 eh 


£828 1 2 28 Ir - 


NEDSS 


5 


325 
. 
5 


4 © 


gien; 


| Plain Trigonometry 


Problem I. Caſe 1. The Angler, and Hypotenuſe 


to find either of the Legs. 


Sect. II. 


I. 
us 


Fig. "| 


Examp. In the R 


WE Plate 2. 


Tune Hypot. AC 
J BAC 54d. . 


-993471|98.51 parts. 


* xt 


1 . 


JAR i 


IF 2 TO us - 


338 Plain Trigonometry Reflangular. Chap. II. 
See. BAC -- Tce — Leg BC. 
. 

to find the are theſe 

bo. BAC - Radius © > : : Hypotenuſe = AC-- Leg AB. 
Sec. ACR. T.ACBY © 
Note; When Radius is not the firſt Term in the P 
then take the t-Arithmetic of the of the 
7 — (which how to find is ſhew'd in Chap. 1. Sect. 2. 
fees, bo hoy of ines, Trngrats and 
cms, in Page 200) This Comp. Arith. or Co, Ar. add 
yy og of the Second and Third Terms, ond from the Cha- 
racteriſtic of their Sum ſubtract 16 or 20, the remaining Figures 
is the Logarithm of the Fourth CAD InP; as may be ſeen in 

_ the following Proportion in Problem II. 


IL. Caſe 2 and 3. The Angles and 
eg rng 


rere ABC: 47 


„ This Triangle is * cs bang 12. er P. 17 K 18. 


„ oy To find the 


1 ftr {i 


KEE 


98343283 Ty 


eee eee | 
Prob. 


% 


85 


is Angle BAC 


the Secant of the Angle BAC. Or thus, 


ACB, by the gth of 
And if the Leg BC 

Leg BC -:Leg AB 
69 Leag, «- 98 


400 
7 


W — 
4 iran Reflangular. Chap. II. 
As the Leg AB, is to Radius; fo is the Hypotenuſe AC, to 


AB 6gLeag Radius: AC r21 Leag, + Sec. BAC 559. ram, 
N. rr 
of ord S:cent in the ach Term; but being wrought by the 
Tables (2s before will produce the Angle BAC 3 fd. 
14m. above; which acted from god. gives 34d. 46m, 
for the Angle ACB, as before. 

2. The Leg BC may be found by the tſt or 24 Cafe ſeveral 


Ways: As thus, 
Radius AC:: S. BAC 
S. ACB 3 | 
Radius . AB:: T. Bac? League. 39-4 Tenths, 
Sec. ACB-- AC:: Radius | 
T. ACB -- AB:: Radius 


Sec. BAC A:: T. BAC 
Prob. IV. Caſe 6 and 7. The Legs given; 1s find ile Au r, 


Fam. In the Right-angle Triangle ABC. Pale 2. Fig. 4. 


T AB 98 , Angle BACor AB. 
The Leg BC 6g f BD: 4 4, iy porenuſe AC * 


This Triangle is made by Prob. 13 of Geometry. 
1. Make the Leg AB Radius, and the Proportion {by 
Heziom. 1. and Note 2.) is thus; | WES 
is to Radius; ſo is the Leg BC, to the 


11 
15 
15 
: 
© 
: 


I 
© 


; 


| 4 
Jil 


— 


C may be found (by the ad Cale) 


'S 
5 


Set. . Plain Trigenemetry Rettangular. a 
S BAC BC 


LE FRN 


| 1 
of the rent, and given Leg; is the Logarithm of the 


Firſt, Making the Hypotenuſe AC Radius ; thus, 
e: : Radius -- HypotenuſeAC. 


S.ACB-- AB 


| Secondly, making the Leg AB Ra dius, thus, 


king | 
W 5 IT : Sec. BAC -- Hypotenuſe Ac. 
n Radius; thus, 
e "ADP : Sec. ACB -- Hypotenuſe AC. 
Theſe 6 Proportions, if the Learner works them, he'll 
them all to produce Leagues 119.8 for the Hypotenuſe ac 


Note ; The 5th and 1 Caſes may 'd by the 
of Buck tes n — 
— os of the Squares 


t. By Natur eue, Exrting th Square Root ; the 


Rules are theſe, 


_ Firſt, lathe + | 

Root of the | 
* . 
nn 
' The Square Root ef the Sum of the Squares of both Lays b 


the Hypotenuſe. 
2- By Loguithms in theſe to Rules following. 


of the Sum, and Difference 


222.22 | 


AB 6g Leagues: What is the Leg BC by the Square R 


Parts of 100 is the Leg BC, the ſame as before. 


| Exam. 
Miles given : What is the Hypotenu/e AC ? by the Square Re, 


Plain Trigonemetry Reflangular. Chap. II. 
Examp. 1. The AC 121 Leagues, and the Leg 


Hyprtenuſe AC - — 1:1 And Leg AB — 


+ + | 621 


242 3 | 
121 Square of ABR 476 
Squore of AC's - — a6: 


109/170 
1701 


— — 
1983) 790⁰ 
7196700 

une 3 


Remainder is = 16279 
80 that the Te BC is Leagues 99-39 Parts of 100. 


By Logarithms, ths. 
The Epotentſe AC 127 Leagues. 
23 


sum of AC and AB — 190 its Logorithm is 2.278554 
Difference of 1 is 1.216003 
The Sum of the Logorichm is — 


Whoſe AE I ons tut is, Tauss 99-39 


2. The Log AB is 98 Miles, and the Læ BC 6g 


m2 


2 


- wh 


pofite Angles. 


the Sine of 


Angle, begin with a Side. 


Sekt. II. ' Plain Trigonometry Oblique. as 


42 by 
Square of AB is ———-—g604 Square of BCan 4760; 
Square of BC iS—_—_—— 6 
Sum of the Squares is 6 is 119 Leagues jþ 
is the Hypotenuſe AC. 
7% 


"_—_ 
2388)20400 | 
| — —_ 
In 1 KN . > 
1 — 26 
greater — 17.9912 


— — . — 2 


The Double Logarithm of the AB is ——— 3481452 | 


atoukg te Lays. —— 2.14 


— 8 
— — — 1.338849 
The Sum of the two laſt Logarithms i. 4157370 


The half is the Logarithm of AC 210 5 required 2.07885 


88 Obliqus 
Plain Triangles thereunto 9 


iden all Plain Triangles, the Sides ſuch 
L o matter = un the Snc of the op: 

r. As the Sine of any one Angle, to its oppalite Sid ; fol 

any other Angle, to its oppoſite Side. 

2- Asa Side, is to the Sine of its oppoſite Angle: ſo is a Side, 


to the Sine of its 


Note ; To find a Side, begin with an Angle ; but ts fi an 
rom 


 x$and 19. 


44 Plain Trigonometry Oblique. Chap. II. 
From this Axiom are drawn the Proportions for the Firſt, 


Prob. V. Caſe r. Of Obliguang/es. Two Angles, and one Side 
given; te find either of the ather ſides. 


Example. In the Oblique Triangle BDC. Plate 2. Fig. g. 


| BDC 10rd. 25m. CD 
The? Angle 3 CBD pe 1 ITE given : Side) and Creg 
> Side ——— BC 96 Yards g CBD 


This Triangle is made by Prob. 14. of Geometry, in Pages 
1. The Proportion accorcing to the Second Axiom for find- 
ing the Side CD, is this; Id | | 
As the Sine of the Angle BDC, is to the Side BC; fo is the 
Sine of the Angle CRD, to the required Side CD. Or thus ; 
S. BDC -- Side BC: : S. CBD -- Side CD required. ET oe 
S. roxd 25m. . . 76 Yards: : S. 44d. 42m. . Yds. 54.5 Tenths. 
180d. oom. | 2 | 


YI 78d. 35m. 


Nete; The Sine of tod. 25m. is found by fubtraQting it 


 Fom 180d. according to Chapter 2. Setion 2. P ? 
mne 


2. To find the Side BD, the P 
8. BDC _. Side BC : : 8. BCD 


S8. 101d. 25m. . 76 Yards; :S, 33d. 53m. + Yds. 43-3 Tenths. 


180d. com. 


Mad 


alt. © 


Plain Trigonometry Oblique. 4s © 
Ange Bf BDC 1 

given: 
ſe 28 3 


by Pro 8 in Page 129. 
Angle BDC the 


: 206 Tad -- $.596. 37m. which 


1 ' — 1 cam, 


Remainder is the angle BDC ——— 120d, 4 zm. 


ter, in Page 35. then you may find te Side CD by the Firſt Ca. 
| Thhis Caſe hath been omitted by moſt, the Reaſon fl 


8. 1204. — :8. 270. 28m.- "Yes 56.5 Teas, 
before, 


Awiom 3 JN all Plin Triavgke ; = the Sum of eo Sides, is to 
Difterence ; fo is the Tangent of the H I- Sum 
of their two > oppo Ange, 10 the Tangent of th half Dif- 


Exams. In the Oblique Triangle BCD. Plate W 


4 88 F d 


CBD 4 
+ Tring i made by Prob 26 e 
1. For 


be Square of Radius to the Square of the Tangent of half the 


& 4 ö — e 
U * I — — 
"= . . : - 
_—_—— — c_ ——_— —— — 
* 


39d. 1 
Then, As the Sum of the Sides BC 40d BD, «10 the the 
ference ; ſo is the Tangent of half the Sum of the 
and BCD, to the Tangent — Oy ms. thus 
Sum Cx BD. Diff. BC&BD: : T. Sum Angles -- |. } Diff. 
185 Leagues -+ 33 Leagues: : T. 396. 1m. T. Y 17m. 
The half Dif. © 8 I | 
mg =} ebony wy — IR 
for the Side CD, (by the Firſt Caſe of 
Obie Trang) my 


be this : 
8. - Side BD: : S. C BD -- Side CD. | 
* Led 101d. en. - Leag, 144-5 tenths. 


Lein + FRow the Hil Sw ofthe ths Skew, fend) xc 
1 Side (but firſt that Side oppoſite to the A | 
quired, then the reſt ) ſeverally, noting their Remainders. 

As the Product of the Half Sum of the Sides, and Firſt Re- 
mainder, is to the Product of the other Two Remainders; fo 


Angle oppoſite to that Firſt Remainder. 


' Prob. 8 Caſe 6. Three Sides given; to fnd an Angle. 
> ae > had 


1555 2287 given ; 54825 * 


r ＋ ee P. 19 K 20. 
9 1 


balf Sum 120. £0, ar 
Firſt Remainder 70. co. ar. 8.15490 
[ 
. 1.12 


other's — 35 43 
| Sum is Be 


— => » 2 ** T n * py — * = , - N l l \ l 
- — — 2 . — ; — - — _ 2 & — 3 2 3 LY * 
. _ <— p_—_——— mand ana W * * * 2 1 _ . 
4 ak * _ x 1. N * 4 " = * . : . —— — 
- e * — * 8 * . : * 2 TD — ——— — —— Fo — — — I 8 — $4 \ 
— < v — — — - , — — — ” = 1 — — —— a — 
- » —U— — 4 0 2 7 — 
2 —— — 2 pe. » — — — — Po — — — — — — — 1 — — 6 . - » * 
1 — — + —_— Ve — — — - — — — . . - 
- — — — * _ - — — — - —— —— — — — * R * * 1 = l 
— * „ — — — — 2 wy — * * ; 2 — co — a — — _ — — — — 9 He — - —— — — — E — > 
— p< n — — , — . - - . — — — — - x - +, Ot * — — — — — — IX — ns”, Oe - _ - — 2 = 
A g ä ao. — 0 Þ - - - „ — — — * — — ww DN TE — — — A — — — 
- * b . Ty > 8 ” 7 Y - — FE" * 
* aw „ © — — oi b a — = — 2 5 — — — — — _ — » — <2 <_ —_ 2 — — —— — — —— — * — * 
y : 
wy — — * - ” 5 . . . ” - _ ” — — — . - _ ——— wy — — — — _ tina; - 


' 


| MF 


e 
oa 


wp Uſeful, when three Sides of a Triangle are given; 


A OOTY IPD 


LEAR SER» 


But 
of this before the Doffrins of that 


Plain Trigonemetry Oblique. 47 
aſd AE Operation, yet not being 


inſtrumental way of working eProportions, 
is fourth Axiom in other Terms ; which finds an 


an Angle. 
rr to the Sum of the two ſhorteſt ; ſo is 
| . 


re ard — 
angle BCD Plate 2. Fig. 8. 
| DA, which makes the Segments of 
and AC, and the two Right- Angi. Trias 
, and the Difference of the BE. 
1. Ne 
Shorteſt Sides r Feet. 
Ae. bas ion tacos bent 5 Feet 
Subtracted is their Difference —— ß 25 Feet. 
Then, as the Side BC, is to the Sum of BD and 3 ſo is 
the Difference of BD and CD, to BE the Difference of the 
BA and AC. In - 


5 BAthe greater 
30 AC the leſſer 


be For £ god: 75 Bu. e. 
| Remander i he Angle CBD — det. 
| Thus much for Plain Triegles ; and to copipleat Trigene- 


metry, Spheric ſhould be next. 12 


Julian Kalendar. Chap. II. 
de teen Proficiency : Therefore will deſcend to the ne- 
pl ceffary Uſes of Plain Trigonometry in Plain and Mercator 
18 ates oder A 


— * | — 


CHAP, II. Plain nn applied in Prob- 
TT TIT EET EIS 


— 


N D that nothing may be wanting to the 
A I will begin with the Julian Kalender, and 
. then he bene n befor apply Pn Trigono- 


a I The commen Nemo of the Juke Kedbaike 3 ts find 
the Prime, Epact, Dominical Letter, — My 
Age, Southing, and time of High-water. 


Problem I To fond the Su Namber, o of the Sun, and 


9 Definitions, 1. PHE Golden Number or Prime, i 2 Circular 
wal Revolution of 19 Team; in which Space 
"wk of time {it has been ſuppoſed) the Sun and Moon finiſh all their 
1 2. The Cycle, or Circle of the Sun, maketh its Revolution in 
28 Years ; in which time all the V of Dominical Letters, 

Ky and Leap-Years expire, and the 29th ear the Circle begins 

| i again ; which Number ſerves to find the Dominical Letter for 


apy Year, paſt, preſent, or to come. 
Roman Indiftion confiſteth of 1 Years ; for once in rg 


3 
Years the ſubdu'd Nations were to pay thee to the Romans; 
2 thing now out of Uſe with us, 


Rule Mr. Street's Memorial Y, the 
n, out of hn Is 22 ralf. 


wen , 2 hr Yar bat tit ham 3 


Seck. l. | f Jain Kander 


2 — 


Yea —— 


— 
Golden Numdet 


For the fs aa and i, BE 


Problem 11. 71 fd the Epa for an nr. 
Definition. The Ppact is 17 p the Year of the Aeon 

lacketh of the Px The SINE By 
OI" 355 Du | . 8 


E he 


- Day. : 
January, but 


va YES, FS | 83H 


FOE For the Yeat 3746: 7 Gethan# the TpaRt; 5 
* the Year 1740 add t, and the Sum is 1744, which di- 

and the is 91, and the Remainder is 12; 
Jumber is 12, which divide by 3, the 


| is a 80 that the Epact will be the fame 
& the Gaiden Number rix. 12. far the Year 17 49- 


»a RBIs RE 72 


> 


; k 
[-1 


Julian Kalendar. Chap. III. 
Problem III. To #now if it be Bifſextile or Leap- Var. 


4 
[ 
Definition. Leap - Year is every Fourth Year, and ſo called 
from 1's leaping a Day more that Year, than in a common Year; - 
for in the cemmon Year, an any fix'd day of a Month changeth 
ſucceſſively the Day ofthe Week; but in the dd it skips, 
or leaps over one Day. 
Note, The Common Tear hath 26g Days in it, but Leap- 


Year 366, and then February hath 29 Days, which in Common 
Yeers hath but 28 Days. 


The Rule. Divide the Year by 4, what's left ſhall be, 
For Leap-Year o, for paſt 1, 2, or 3. 
Example. The Year 1 17405 what is it, a Common Year, or 
Leap- Year. | 
4) 174% 435 9 and Remainder is ©; fo that the 
(0 Year 1740 is Leap-Vear. 


Problem IV. To Fund the Dominical Letter for any ner. 


Definition 1. The Week Days i in Kalenders, or Abner 


are expreſſed by the firſt ſeven Letters of the Alphaber, and one 
of them is a Dominical Letter. 


22. Deminicol Leiter, or Lord's-Day Letter, is that whick 
ſtands for it, commonly called Sunday. | 
The Rule. Divide the Year, it's 4th, and 4, by 7 3 | 
| What's left, ſubtract from 7; the Letter's given. 
VNMote 1. When it's Leap-Year, there are two Dominical Let- 


ters; one ſerves to the 25th of February, the other ſrom thence 
to the Vear's-end. 


2. The Dominical Letter goeth back ward in a Common Year 
one Letter, but in Leap- Vea two Letters. 


3- The Leap-Year having two Dominical Letters, it's the 
latter of them that this Rule finds. 


ramp. 4 I demard the Dominical Letter. 


The Operation. 


The gjven Year (by Problem 2) bs a Leap-Year — 1740 
It's fourth part — —ẽ 


— 


To it add — —— — — 


The Sum is | 


] 
? 
* 
4 
. 


the 1 of the Pachal New- Moon. 


Sect. I. 


Julian ale dar. 51 
mn I and Remainder is 2; which 

(2 Ffubtrac} trom 7, reſts 5 for the Dominica] 
Letter ; that is, E; un te Yar 1746 


being Leap-Year hath two Dominical Le 
ters, which are FE. 


Problem. V. By the 19 Ever; Baſter- I 
deer on 


A — of the Paſchal 
ew- Moon (or - von nearelt V erna]-Equinox: x) 
after the Firſt of Mar h. * ) 
„ — 
r 
Eafter-Day, is the Sunday after the tath 
Paichal New-Moon ; and is never nn, . 


nor afier the 25th Day of April 


The Epat for the Year 170 (by Pro 2. 0 is 2 


| . 1 Da 1 
that is, the gth Day of April for the Year 1740. 5 


Problem VI. To fd Eaftr-Day for ax Nr. 


Note; D u 
g6 . ee * 


_ — © 7 — > 5 4 4 
— 2 — — - 2 * b _ 
4 . - — _ 
P 4 b a N ** —— 2 — —— * 
_ 3 - — — — — —u— 4 — — —— 
— 7 — 


— 
— 


— —ů 


— — — 
r —UI—L — — —— — 
— — Go * * 
—— —— n _ —_ 
— —— . ——— — 
— 7 , ” — — 
- 


W is the Moon's Age required. 


— — — —— — —— — 


Julian Kalendar. Chap. III. 
Example. For the Year 1740, I demand Eafter-Duy ? 


| The Operation. 
— Lever (ky Prob. 40 b FE, or « —5 
The Sum is — a nmr otrtn ns — 
Which los from Fate Lim Cound by Pro 5.—25 
Remainder is ———_— . —26 
Which tubvatt from neareſt 5.——.— 28 
Remainder is ——5i᷑v —— — 


. 35, um » Ef Day, 37 Der 
from the Firſt of March, which makes the 6th Day April, 
for the Year 1740. . 


Problem VII. 2 find the Moon's Age. 


| Definition. The Moon's Age is, how many Days are paſt fince 
the | * » Which Age never exceeds 30 
The Ru, t. Find the Epact by Problem the ad. 


2. To the Epact add the Day of the Month, and the Num- 
ber of the Month ; the Sum if it exceeds not 3o, is her Age; 
but if it doth, ſubtract 3o as oft as you can, an ts mg 
der is her Age. 


oy The Mahan of tv ants are theſe, 


3. | 
Buflp. The 21ft of Map 1740. ] demand the Moon's Age ? 
The Epatt (by Prob. 2.) for the Year 1740 #————12 | 

1 6 5 


The Gum b — 
Which being more than 30 by 


"Problems VIL Ts fad the Moon's Sounhing. 8 


| Definition. The Moon's Southing, is the time of her coming bo, 
or upon the Meridian ; which from the New Min to her LY 
tes Sa 


i 


/ 


Sect. II. Moon's Southing. $3 
The Rule. 1. Find the Moon's Age by the laſt Problem. * 

2. ng ogg, by 4 = da py LI 

Quotient ours, and the Remainder is ſo many times 12. 
Minutes of an Hour, and both is her Southing, 

r of . 1749; I demand the Moon's 


Prob. N. To find the time of full Bs 
_ 


The Rule 1. Find the Moon's 
2. To the add the 
Full Sea, (on the Full and Change 
that Sum is the Time of Full Sea, or F 
Note ; The Point of the Compats making Full Sea on the 
Full and Change > may be found (in the Tide Tal] in 
the Mariner's-& 
Exanp. The 217 of Muy 2740; 1 demand the time of | 
. Moon's Southing (by Prob 8.) for the | 
21ſt of A, 1740, is —— 4h. 48m. Afternoon. 
To it add London SW. and NE. 3h. oom. 485 


Not > hv eine w——— 5. Aa. | 


Seck. I. The Ups of the Plain-Chart, or Plot. | 


— net eee, ane 
| ; For it conduces much to the underſtand- 
ng ters W 2 


4 The Uſe of the Plain Chart: Cliap. ill. 
Situde, an which is only true in the Equator. 
2. The Equator, is 4 Line drawn Eaſt and Weſt, and is 90 


degrees diſtant from each Pole: From it Latitude beginneth, and 
in it Longitude is counted. 


fm, e hom ee b, e ase, 
TT, ending in go Degrees, the greateſt Latitude. 
. North Latitude, is on that fide of the Equator towards the 
Neth Pole; and South Latitude towards the South Pole. 

ES. Difference of Latitude, is the Breadth, or neareſt Diſtance 
18 of any, two Parallels of Latitude z and ſheweth how far one 
| c 
Wo Hever exceedeth 180 


The Uſe of the Plain-Chart... 
| Prob. l. To find the Latitude of any Place in ihe Chai. | 


Rule x. Take the neareſt Diſtance of the Place to any Parallel 
er Eaſt and Weſt Line. 


Sect. II. The Uſe of the Plain Chart. 35 
| Examp. What Latitude doth the Lizard in rglund lie in? 
9 1. Take the neareſt Diltance from the Lizard to any Parallel, 
4 | or Eaſt and Weſt Line. ; 
2. Lay that Diſtance (on the graduated Meridian) from the 
faid Parallel, and the moveable Foot ſheweth 5o Degrees, the 
Latitude of the Lizard; and it is North Latitude, becauſe 
Northward of the Equator: * for any other Place. 


Prob. 2. Ts ud the Cf 7 Baring of es Plc from ue. 
The Rule is, 


bf t. leo lines the two Places given; and take the near- 

h 

* e eee ee maar”: 

1 2. Slide the (being at that Diſtance) with one 

Ml Foot cloſe to the Ruler, and the other Foot perpendicular to 

— it; in ſo doing the perpendicular Foot points out (among the 
- 2 the Courie, or Bearing of the propoſes Fivcer, Sons 
_ one another. 

ol Example. I demand the Courle from the Lizard in England, 

* to the Ifland of Barbadoss. 


"th Laying a Ruler's Edge on the Lizard and Barbudees, take 
the neareſt Diſtance from the Center of a Compaf to the edge 
of the Ruler. 

2. Slide the Compaſſes along by the Ruler, keeping one Foot 
Perpendicular to it, and it ſheweth (among the Rumbs) the 
Courſe to be SW. = W. neareft, from the Zizard to the Ifland 
of Barhbadoes, 7% Ar T 
from the Iſland Barbadoes to the Lixar 


_ Problem 3 To find the Difance of one Place from another 


| The Rule. Extend the C from dne Place to another, 
De or an the 
Graduated Meridian; the firſt ſheweth the Diſtance in Leagucs; 


the latter in Degrees. This s ſo ealy, it needs no Example. 


Problem E the Departure, mud bine between 
of ä — —⁊ . 


| 1. The Rule. Take the neareſt Diftance from one of the given 
Places, adn rang 
+» Ds 2. The 


2 


E. * 


4 


— 2 —— — 
— 5 — 
— — 


— 
— — 


. 
5 


>. ñ — ß — 
— —— — 8E — — 
— — — 2 


. 15 


Huigation, is the guiding or direcung a Ship (thro? 


) 


Ocean 


NY 
mo two Generals 


from one Place to ariother ; its divided 


4 


17 10 0 
14 


1 
4 


= 


Feet, or 


he Engliſh 1 


a v6 Log tw ie whe 


not 42 


11 11415 1114 
1 1 


— c £©--ava4 2 


7h 


CR An 


h North 


ference of Latitude is greater 


Lt tas... 5 


= Fun Sailing. Chap. II. 

2. a! Rule. T find the Difference of Latitude, 

te anne e re ven "A 
bod} Sou} g 


tudes Tone f Forth 4 che 
3. General Rus. To find the Latitude the Ship is in, when 
the Latitude jailed from, and © > aro. 
tor theſe are the two following Caſes. ' 


FF 


$ finds 


Caſe l. = | 


| Laticude failing to er 


South l ts 


Latitude increaſed, add. 


LY | 


I J South 4 Latent fing to the len hes he 


Latitude decreaſeth, ſubtradt. 
And here Nate, When the Latitude decreaſeth, and the Dif- 
than the F 
Ship haih croſſed the Equator, and changed her Latitude; either 

trom North into South, or South into North. 
4- General Rule The Sum of the three Angles of every Plain 


— is equal to 16 Points of the Compaſs: For, 


2 11d. 1m. 
160 Points tte Gaps cyt we Degrees. 


© General Rule. If a Ship fails Eaſt or Wet; ſhe keeps in the 


— 


fame Latitude; and if a Ship fails North or South, 3 


itude. 
7 y WW r 


a Traverſe. 

In an N — 
titude of various Queſtions. | 

© The Firſt Part of. Plain Sailing is contained in the fix Probe 


Sect. . Plain Saibng, the firſt Part. 1 
prob. or Caſe 1. Courſe, and Diſtance ſailed given ; 10 find thi 
Difference of Latitade, and the Departure from the Meridian. 


Example. Admit a Ship runs 496 Minutes SW. by W. frum 
the Lizard in od. oom. North Latitude: I demand the Latitude 
ſhe is in, and how far ſhe is departed from the Meridian ? 4 
Obſerve, That in all | ke th 
end of the Book, of Slate, to be the Notth ; then the 
Right-hand is the Eaſt, the Left-hand the Weſt, and the lower 
End is the South. Then, 


i. Sir hs Metis A (i 6. Bhs. 9.) towards the 
Right-hand, when the Courſe is Weſterly, but when 

towards the Left hand ; and put A at the upper End when the 
ourſe is Southerly, but at the lower End when it's Northerly. 


u 


1 


71 


l 
BY 


— 10, 11, 12, ad 
s the Cafes in this Part 
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Chap. III. 
Tri Plate | 
8 ee de ae, . Ny nn 


275.6 
god. 
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28. 3 Points Min. 
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Plain Sailing, the firſt Part. 
Aer 


* 


171 5 


b. or Caſe 2. Courſe end Difference fi Latitude given, 

Ent. If a Ship runneth SE by E. from 1d. 45m. North 
tituc and then (by Oblervation] is in at 222 
i, What i her Difance and Departure? lu: Fig. 10. 
his Triangle / de made by Prob. 12. of Grammy. 
in this Baonpl, having Laticade' the Ship free from cg 
* — EIN there are the I. atitudes of two 
mee of Lockiie is found, 2s followeth ; rag cher” = 


- 


— 
- 


Fairen Tony 


** 


The Dilference of Latitude, 2 gd. Im. or 275 
linutes ; found by multiplying by Go, the Minutes in a Degree. 
uf, Fer the Diftance the Propertion may be this; 


. 
. 


62 Plain Sailing, the ir Part. Chap. III. 
, For the Diſtance, the Proportion is this. 
8. Courſe -- Departure : : Radius -- Diſtance. 
8. 5 Points 1 Min : 8. 8 Points Min. 495-5 Tenths, 
— For the Defferencs of of Latitude, this ; 


$. Courſe 2 : 8, c. Cane. Dif: Latitude 


ende 
a n — - 3d. 15m. South. 
Difference of Latitude, is 275 Min. of — 4d. d. 35m. m.. North, 
Subtract, giveth Latitude the Ship is in 2d. | * 
doing croſs the Equator, 


Pro Caſe 4. Diftance, and Di * 
bjem, or IIe — we 


Example. Suppoſe a Ship fails 496 Min. between the Sol 
and the Weſt, from a Port in ad. 48m. South Latitude; and 
then by Obſervation is in 7d. 23m. South Latitude : What 
Courſe hath ſhe ſteered, and what Departure hath ſhe made 
Plate 2. Fig. 12. This Triangle may be made by Preb. x1. of 

'By the two Latitudes mentioned in this Example, find th 
Difference of Latitude, as followeth, 

| Laninde by Oblerraion, Þ -—— 76. 239. Sout 


— 
Budbtract, gives the Diff. of Latitude 6+ 258.97 230M 


2 


8 226. 
= . 


6 


U. Se. III. Plain Sailing, the Fir Part. 63 
hath ſhe Steer d? And what Latitude is ſhe in? Plate 2. Fig. 13. 
Thais Triangle may de made by Prab. 11. of Geometry. * 

4 Por the Courſe take this Proportion. 
Diſtance -- -- $. Courſe. 4 


496 min. - S. god. : : 412 min. . S. g6d. 10m. N. Weſterly. 
That is, 3 Points, which makes the Courſe to be NW. by W. 


24, For the Difference of Latitude. 
Radius "Diſtance :: S. c. Couric -- Diltere of Latitude 
$.90d. - - 496min. : : S. 33d. 5om- Was Voda 
m. 
Latitude failed from — 32 : 30 Norch. 
Difference of Latitude 275 Minutes, or 4:35 _ 
Latitude the Ship is i — 37 : og North. 


en; Problem, or Cafe 6. Difference of Latitude, and Departure given ; 
| to find the Courſe, and Diſtanes. 2 
ag . Example. If a Ship's Southing be 275 Minutes, and her Eaſt- 
Zuth ing 412 Minutes, What is her Courle and Diſtance ? Fate 3. 
Fig. 14. This Triangle may be made be Prob 13. of Geometry. 


T. Courſe. © 


275 Min. -- 408 blu. :: : Th * T. 1 South» 
= N. Points, which 'makes the Courſe to be SE, by 


24, Por the Diff, this Proportion. 


. Diſtance Run, Leagues Tenths , — 
Leagues 37-6 Tentha. 8 r 


wi | . from 2d. — 
e ee from ad. zan. 
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| "= $. Every Day at Noon the Log board ought to be copied 
into a Log-Boouk, ruled like the Log-board : Then muſt be caſt 


rected is 6 Points and a half from the Wind, 
to be brought into one Courſe and Diſtance ; which is elle R-. 


tween each Courſe, called the Angle between both Courſes. 


| both Courſes. 


! © Wet are called Parallels. 


- Courſes ate compared together, and the ſecond and 
the third and fourth, &c. | a 


by 4 iran IVings, fads firſt S. E. by S. 


We aig Place departed ? Plate 2. Fig. 15. 


66 Plain Sailing, the ſecond Part. Chap. III. 
Nate, The Column for Cou ſes is made ſometimes juſt before 
the Column for the Winds, and then the three narrow Columns 
and together. 
7. The Day begins and ends at Noon; that is, from Noon 
t& Noon is the Length of the Day. 


up how much the Ship hath Sailed on each Coorſe. | 
9. If the Ship fails by a Wind, it's uſual to allow one Point 

for Leeward way; fo that when the Ship is cloſe haled, and 

lieth 5 Points and a half from the Wind, yet her Courſe cor- 


10. The ſeveral Courſes (being corrected) and Diſtances, are 


ſolving @ Traverſe, and to lay it down by Scale and Compaſles, 
take the four following Rules, which give the Points that are be- 


Rule . Two Meridians, and two Paalleb ; the leffer 
Courſe ſubtracted from the greater, gives the Angle between 


Rule 2. Two Meridians, and one Parallel ; add both Courſes 


together. 

One Meridian, and two Facalleb ; ſubtract the Sum 
of both from 16 Points, 
4. One 2 nd one Parallel; add 8 Poin's, the 
lefler Courſe, and the Complement of the greater together ; the 
Sum is the ſaid Angle. | 

Note 1. North and South are called Meridians, ard Eaſt and 


2. By Complement of the greater Courſe, underſtand how 
much it wants of 8 Points. 


3- To know the Meridians, and Parallels, the firſt and ſecond 


N 


Examole. A Ship bound to a certain Port, mi a 
Minutes ; then 8. E. by E. 
q then WS W. 45; ther NE by Nu, 7 ; and 


8 1 Minutes 1 denand the Diffene , 
Departure from the Meridian, and direct Courſe, and Diftence 


with the Chord of 60 Degrees, on which Arch lay 


Sect. IV. Plain Sailing, the fecond Part. 


from the Meridian, &c. as in the following Table. 


1 


Courſes 


__— 


7 


Dy 'F. Latitude 
in Minutes. 


e 


— — — —— 


Ju 


n 
umop 
2 14400 


— q— 


North] s 


| Wb , R4| 
ae 


| 
| ol | Sha UW | 1 C. 


* 
* 
= 
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—_=_ 
> 


| % 


2 
r 
944 
= 
—1 

wy 


| 


a ww L 
4 
: 
2 
=” 


2.2 
2 | 
z 
— 


Difference of Latitude 1 


* 


2. In the fiſth Column e 


| which are found by the four Rules foregoing : For the firſt 


Courſe always is the fame with the Points from the Meridian ; 
For the ſecond Courſe, it's 14 Pom, found by comparing 
the firſt and ſecond Courles together, in which is one Meri- 
dian and oue Parallel; and by the 4th Rule it makes 14 Points 
for laying down : Again, comparing the ſecond and third 
Courſes, it's one Meridian and two Parallels, wh ch by the 
Third Rule makes 5 Points for laying down : Agan, the tb ird 
an Fourth Courſe compared, it's two Meridiars and 1wo Paral» 


leis; which, by the Firſt Rule makes 3 Points for Lying down 3 


and jo for the reſt, as in the foreg ing Fable, 
3. By theſe Points fer laying down, it's eaſy to delineate the 
Traverſe ; as you ſee in Plate 2. Fig. 15 which is thus. 

Firft, Draw the Meridian AB, "and on A draw an 
Polly: 3 
draw a SE by S. Line, hying thereon (from A) 67 Mi- 
nutes, the Diſtance run SE by 8. 

Secondly, With a Chord of 60 Degrees, and one Foot at Were 
of the SE by 8. Line, draw an Arch, en which lay 14 inte: 
That i is, take 7 Rumbs from the Scale of Rua,bs, ind bk bs ſevwice 


* 22 


E 2 


r. 1 Courſes and Diſtances. 2 


68 Plain Sailing, the ſecond Part. Chap. III. 


en the faid Arch ; by it and the end of the SE by &. Line, draw 
a SE by E. Lire, making it 53 Minutes long, ſo the ſecond 
C-uilec is finiſhed. 
Thirdly, At the end of the SE by E. Line, in like manner 
with the Chord of 65 Degrees, draw an Arch.“ and thereon lay 
Points, by which and the End of the SE by E. Line draw the 
SW. Line, 45 Minutes long. 
 Feurthiy, Aſter the fame manner draw the NE by N. Line 
74 Minutes long: Then the Weſt Line, 57 Minutes long. And 
then the 8 by K. Line, 83 Minutes long, ending in C, the 
place where the Ship now is. 
Laſtly, Draw a 38 C io A (the place the Ship de- 
parted from) and from C let fall the Perpendicular BC; then 
13 AC the Ship's Diftance from the place of Departure, AB her 
Difference of Latitude, and BC her Departure from her firſt 
Meridian, each being ns enſured on the ſ the other Lines 
| were taken from, ſhew how much are ſeverally, and 
meine Angle BAC meaſured on the Scale of Chords or Rumbe, 
neus 1 5 ; 
Ws hen by Prob. 1. Sect. 3. of this Chap. find the Difference 
of * and Departure from the Meridian, for thoſe Courſes 
and Diſtances ſeverally; that is, by the Firſt Caſe of Plain 
Sailing, having the Courſe and Diſtance run given; to find the 
Difference of Latitude, and the Departure from the Meridian; 
and that for each given Courſe ; which place in their proper 
Columns, thus: If the Courſe be North Eafterly, put the Diffe- 
rence of Latitude in the North Column, under (North ;) and 
the Departure in the Eaſt Column, under Ea. 19 the Cat 
de Scuth Eaſterly, then put the Difference of Latitude in the 
South Column, and the Departure in the Eaſt Column; if South 
Weſterly, then in the South and Weſt Columns ; and if North 
Weſterly, then in the North and Weſt Columns. 
As for Example. The Firſt Courſe in the foregoing Traverſe 
is 8E by 8. that is, South Eatterly ; the Difference of Latitude, 
— 7, place in ne South Column; and the Departure, 
7.2 put in the Eaft Colamn ; as in the Table fore- 
þ— "yg ne like obſerve for all the reit. 


Note, When the Courſe is E. W. N. or 8 the Diſtaice fait 
then place in the Eat, Weſt, North or South Columns 3 as here 
the Fifth Couiſe is W. the Diſtance 37 Minutes ts 
1 2 0 


Wy ww ww FF R wy 


oF QA &@ 
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weſterly, or N. by W half W. neareſt, Diſtance 93 


Sect. W. brond Part. Oe 
5. Having found the Diſterence of Latitude, and Departus 


- 


Meridian for each Courſe, and placed them in their 
proper Columns; add up the North, Sauth, Eaſt, and Weſt * 
Columns, and ſubtract the North and South Columns, the one 


from the other, that is, the leaſt from the greateſt, for the Diffe- 


rence of Latitude ; in like manner, the Eaſt and Weſt Columns 
for the Departure: As in the foregoing Table, the Sum of the 
North Column 61.5, ſubtract from the Sum of the South Column 
183.7, the Remainder 122.2 is the Difference of Latitude Soutk= 
erly : And the Sum of the Weſt Column 98.5 


Minutes 128 7 which was required. 
manner 


After this may you work any Traverſe; and for the 
Learner's I ſubjoin the following Examples. | 


mp. 2. Suppoſe in 24 Hours 4 Ship (aileth as follows, SW 


58. 30 Minutes, S. 33. NNW half W. 32 SW. 39. SE. g. and 
ESE. 11 Minutes : I bat is her Difference of Latitude, Departure 

from the Meridian, direct Courſe and Diflance? = 

dani. Difference of Latitude Minutes 67.9 Southerly, Depar- 


ture Minutes 42.8 weſterly, Courſe is South 32d. 15m. weſt- 


 erly, or SW by S. neareſt, Diſtance Minutes 80.3 Tenths. 


. If a Ship ſaileth (by the Log Board) in 24 Hours 
9s follows, NNE. 83 Min. SW. 74. E by S. 92. NNW. 126. 


$hy W. 47. and NE Y N. 28 Mutes: uit 75 her Difference 
of Latitude, Departure, direct Caurſe, and Diſtance run? 


Arſw. Difference of Latitule Minute, r 4.7 Northerly, De · 
parture Minutes 55.6 Eaſterly, Cou:te is Nori 21d. 25m. Ealt- 


_ erly, or NNE: neareſt, Diſtance Minutes 152. 3. 


Example 4. If @ Ship faileth W by S. 87 Ar. N. 46. Sok. 


75. E. Sz. NW by W. 79. NE by E. 57. a NW. 6; N. 64 


Min. I demand her Difference of Laitiade, Departure, direct 


Caurſe, and Diſtance run ? 


Anſw. The Difference of Latitude Minutes 88.5 Northerly, | 
ture Minutes 27.5 weſterly, Couric Nofth 17d. 16m. 
Minutes. 
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Wl  FExamp. g. 4 Ship ſaileth as follows, NNE. 56 min. NI#. 

EIS 3 FF. 96. S. by E. E. 57. SIP. V. do. NE by N. + E. 100 
WE 3377 by JF. * JW. g4. and N by E. gom. What is her Difference 
of Latitude, Departure, direct Courſe, ani Diſtance run 

An/w. Difference of Latitude min. 131.8 Northerly, Depar- 
ture minutes 92.1 Weſterly, Courſe 34d. 56m. North Welt- 
erly, or NW by N. neareſt, Diſtance 161 Minutes. 

Examp. 6. A Ship in 45d. 24m. South Latitude, ſeileth by the 
Log board in 24 Hours SE. 8 min. SW N. W.6.NEWwE. 
FZ. AM.: I. g. NM. 4 ESE ZE 4.8. ly E. 7. NNE+ E. 
4. and E. 7 min. What is her Difference of Latitude, Departure, 

diract Courſe, Difance run, and Latitude ſhe is in? 

Anfiv. Difference of Latitude min. 4.62 Southerly, Departure 
min. 6.17 Eaſterly, Courſe is S. 5 3d. 10m. Ezfterly, or SE. ; E. 
8 Diſtance Run min. 7.71, and Latitude 464. 29m. South. 
bt | Examp. 7. Admit a Ship in id. 3om. North Latitude, ſai's 
NNE. 6 min. SE by S*E.g, NE by E half E 4. WW NEFF. 
8. Si by S ha'f JV. 7. NIV by N. 4 ENE. g. SI 5.cn4SE oy 
E. 5 min. I demand her Difference of Latitude, Departure, aired 
Courſe, D:ftance run, and what Latitude ſhe is in? : 

Anſw. Difference of Latitude minutes 2,49 Southerly, D- 
par:ure min. 1.59 W-iterly, Courte is South 33d. 31m. We- 
ſteriy, or SW by S. Diſtance minutes 2.88, and Latitude the is 
in id. 28m. North. 5 | | 

1 Thus much for the Second Part of Plain Sailing, called a Tra- 

verſe, we go en to the uſe of an Oblique Triangle in Plain Sailing. 

Sec. V. Plain Sailing the third Patt, or the Deftrine of Oblique 

Pen Triangles applied in Problems of Sailing by the Plain Chart. 

Ltho' this part of Plain Sailing is the leaſt uſeful, and moſt, 

£2 diffcult; yet for the Learner's Divethoa I will add ſome 

Proble nis. | : | 

Prob. 1 Sugpeſe two Ports lie North and South, and 4 Ship fails 

trim the Nor ther ms/t & E. 68 Min. anctber f em the Souther- 

m./t jails N E by N. til! fhe meets the firf Ship : I demand the 

Diſtance of theje Ports, aud the jecond Ships Diffance run ? 

In the Oblique Triangle ADE, Plate 3. big. 1. 

Let A repretent the Northe molt \ __ 

i D the Southermoſt— 5 eit ts 
6 The Side ? DE the — Ship's Courſe and Diſtance 
E e Place where che two Ships meet. . 
bi Here are two Angles and one Side given, and therefore by 

| 1 | Chap. 2. occt. 3+ Prob. 5. Caſe 1. of Obuque-angles, in Page 3 
Wi | | 25 I. For 


£ 


, — „„ FL# FE = — — 
9 


G "Titn San", 


1. For the Side 4 D, the Diſtance of the two Ports, the 

Proportion by Ari-m the 2d, is, 
S. ADE -.Side AE ::8. AE D. Sde 4 D. 
S. 3. Points 68 Min.:: S. 9 Points -» Mm. 120.5 Terths, | 
Note; When an Angle exceeds 8 Points, ſubtract it from 

16 ; as here, 9 Points being ſubtracted from 16, the Remaind - 


er 7 Points, is to be uſed inſtead of it. 
2. For the Side D E, the fecund Ship's Diſtance, the Pro- 


portion by the ſaid Axiom | is, 
S. ADE -. Side AE: 8. DAE .. Side DE. 
8. 3 Points · 68 Min.: : S. 4 Points. Min. $6.2 Tenths. 


Prob. 2. Suppoſe two Ports lie NE. and SW. and a Shp ſails 
from the Seuthermoſt ESE. 45 min. another from the Norther- 
moſt runs 72 min. and then mee's the firſt Ship ; I demand the 
Courſe jtrer'd by the laſt, and the Diſtance of ws Parts ? 

In the Oblique Triangle ADE Plate 3. Fig. 2. 

Let A repreſent the Southermoſt 4 art. 

D the Northermoſt 
— 8. AE the firſt. 

The Side 45 ur Sat] Ship's Courſe and Dae. 

E the Place where the Ships meet. 

Here are two Sides and one Angle oppoſite given; and by 
Chap. 2. Seft. 3. Prob. 6 Cuſe 2 and 3. of Ohliguc- ang les in 
Pages 44 and 45 

1. For the Angle A D E the fecond Ship's Courle, the Pra- 
portion by Axiom the 2d, IS, 

__ Side DE.. . 8. DAE ::SideAE - 8. ADE. 
72 Min. . . 8. 6 q. 30m.: : 45 Min. -- S. 35d. 15m. which 
ſubtract fram $W, 45d makes the Courſe 9d. 45m. South 
Weſterly, or 8 tos quarters Weſt. 

2. For the Side A D, the Diſlance of the two Ports, the 
Proportion by the ſaid Axiom, ts, 

S. DAE - Side DE;: S. AED + Side A0. 

8. 67d. 3om. . 72 Min. : ; S. 77d. 15. 76 Minutes. 

Prob. 3. Two Ships fail fron 4 certain Road, one ſails SSE. 

5o Minutes, the other SSW. 35 Ane. 1 — 

Rom and Diſtance ? ; 
In the Oblique Triangle ADE. Plate 3- Fig. 3˙ 
Let A repreſent IG 

AD the firſt — 

The Side JAE the beds Ship's Courſe and Diſtance, 

E 1 W 


+ 


8. 444. 25m. -- 35 Afin. : 8. 450. om. Min, 35.4 Tenths. 
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Here are two Sides, and one Angle between them given 
1 — 3. Prob. 7. Caſe 4 and 5. of Oblique 


angles in Page 4 
1. For the Angles AED, and ADE; by Axiom the third. 


21298 rom the three Add. oom. 
\ E 35 Min Subtrat the Angle DAE —— 45d. oom. 
2 1 AED, and ADE—-"T 35d. oom. 
Di. S The half Sum AED, and ADE 674. 30 

Sum Sides .. Diff. Sides: T. 1 Sum Angles T '2 Diff. Aike. 
85 Minues-- 15 Min.:: T. 67d. 3om. T. 236. ogm. 
The half Diff. of the Angles 23d. o5m. 

Added, 6 Gn (amr Rags 98: 25m. AED. 


3B. 22d. Jom. is South Eaſterly 66d. 55m. » 
and North Weſterly 66d. 55m. that is, E S E. and W NW. 
neareft, is the bearing of the two Ships. | 
2. For the Side DE, their Diſtance, the Proportion by the 
LY 


2d Axiom. 
8. ADE..Sde AE: DAE Side DE 


Problem 4. Suppoſe 4 Ship ſails NE. 50 Leaguer, then South 
Eafterly 85 Leagues ; and then farued back by foul Weather 
105 Leag. to the Place from whence ſhe firft ſailed : 1 mans 


hr cn _ and ber loft Courſe d, 


E the ns as thee. 
| +I oy Dift. 
Chap. 2. Seft, 3, Pros. 


Caſe 6. and 4 
I, For FE the Difference of the Segments AB, and BE ; the 
Proportion according to the 4th Axicm, is, 
Leagues. 
AE. $amDE&DA: oy DE&DA.. FE. 


135 Leagues : : 35 Langues "45 Lone: 
| of the Sezments AB, and BE. 
| BE the ter Segment. 
e N half is $75 AB he Etter Segment. N 
E 


2. For 
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2. 1 DAE and AED, the Proportion by the 
firſt Axiom, | 
Hypotenuſe 45 « Radius: : Leg AB + = DAB or DAE. 
| hm 8. god : : — 36d. 53m. 
— — | oom. 
being added to che NE. makes N. = 98d. 07m. or South 
Eaſterly 81d. 53m. ſo that the Courſe from E to A, is W. by N. 
a quarter W. back to the Place firſt failed from. And again ; 
Hypotenuſe DE. Radius:: Leg BE. S. c. BED, or AED. 
85 Leagues 3 75 Lg 8. 61d. 55m. 
Subtract fr od. oom. 
3 Ante ALD —————WT om. 
Which ſubtract from the South Eaſterly 84d. 53m. leaveth 
53d, 45m. or SE three quarters E. neareft, for the ſecond Ship's 
Courſe from D to E. 
Theſe are the Kinds of Oblique Queſtions, tho* Multitudes 
may be propoſed, of which here followeth a Faſte, io exerciſe 
the Thung Lewner ; . 


| Prob. 5. Suppoſe a Merchant-/hip in 45d. zom. North Latitude, 
falls? into the Hands of Pyrates, who take away his Sea-Compaſs ;, 
efter which, he ſaileth as directly as he can 67 Leagues between 

the South and Weſt, and at the End of two Days meets 
Ship » vs, who alſo had been the Day before in 45d. 
zom. North Latitude, * had failed tbeuce SE. by 8. 39 
Leagues ; ** the Mer chant-ſhip left thoſe Pyrates lying to 
and fro where they robbed him, and the Man of Mar being 
deſiraus to find them; — what Coarſe TIF ADS | 
peat with them? 


4Anſw. North 619. Eaſterly, or NE by E. balf E. b of 
War muſt ſteer to find the Pyrate. 

For. this Problem is an Oblique Triangle ; two Sides and ane 
Angle oppoſite given; r to hs — 
vive 3 which Triangle is thus made. 

1. Deſcribe a Circle with the Chord of 60 Degrees, and gr. 
ieee | 
ter ; but {always) N. at the upper part, and E at the Right- 
hand of ihe Circle. 

2. Then lay 3 Points from 8. towards E. en the Circle, and 


draw the SE by 8. D Leagues 
| draw F? Line, (AD) 39 long, 3 Wit 


and Care both in the Latiurde of 45d. 3om. and the Side AD 


ite Point is the Man of War's Courſe North Eaſterly, to fiud 


of a hundred. 


| firſt ſeeing them, or at laſt ſetting them; which is evident by 
the Projection, thus; 


+ Lay 3 Points from N, towards W, and draw the N. W. 
by N. 


and Diſtar ce. 


Scale on it, and A, draw a S by E. Line from D, parallel to the 
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3. With 67 Leagues, and one Foot on D, with the other croſ 
the Line WAE (produced to the Eaſtward) in C, the Place 
where the Ship fell in with the Pyrates. 

4. Then draw a Line from C to D, and it's done: For 


repreſents the Man of War's Courſe ard Diſtance, and the 
Side CD the Merchant Man's after he loft is Compais, ſo that 
the Angle ACD being meaſured on the Scale of Chords, will 
ſhew her Courſe from the Weſt, towards the South, the oppo- 


Problem 6. Coofting along Shore, I ſaw two Capes of Land; 
the firfl did (by the Compaſs ) bear N. the ſecond W N W. then 
F food away NW by N. 9 Minutes, until the firft bore from 
me E. and the ſecond S by E. the Bearing and Diſtance of 
them is required = | | 


| Anfw, Sowth 384. 05m. Weſterly, or SW. by 8. half w. 
and NE by N. half E. neareſt, Diſtance is Minutes 6.22 Part 


[ ET — — 0 m 


Note, In al Queſtions of this Nature, you muſt, as prepa- 
rative Werk, find the Diſtarce of each Cape from the Ship, at 


1. Having drawn a Circle, quarter'd it, and placed the Letters 
N, S, E, W, and A; as directed in the laſt Problem, produce 
AN up higher, becauſe the firſt Cape's Bearing i, North. 

22. Lay 6 Points from N, towards W, and draw the WNW, 
Line, for the ſecond Cape's Bearing. 


Line 9 Minutes long, from A to D, the Ship's Courſe 


4. Then lay 7 Points from 8 towards E, and laying a Scale 
en it and A, diaw an E. by S. Line from D, parallel to the edge 
of the Scale, to cut the North Line in B, the firſt Cape. 

5. In like manner, lay 1 pc int from 8, towards E, ard lay a 


edge cf the Scale, to cut the WNW. Line in C, the ſecond Cape. 

6. Draw a Line from B to C, and it's done: For the Line 
BC repreſents the Bearing and Diſtance of the two Capes, from 
each other, which being meaſured on the fame Scale, the Side 
AD was taken from, will ſhew their Diſtance aſunder. And the 
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Angle ABC, meaſured on the Scale of Chords or Rumùs, will ſbew 
their Bearing, which is South Wefterly, and North Eaſterly. 

But to nud theſe I bings by Trigo it's neceſſary to 
nr or elſe the DB and DC; 
which is done in two Oblique Triangles ABD. and ACD, in 
each, all the Angles, and one Side is given, to find a Side. 

And Note. A repreſents the Place of the Ship at firſt ſeeing the 
Capes, and D the Place of laſt ſetting them. 

So that, when the Sides AB and AC, or DB and DC, are 
found ; then is there either the Oblique Triangle BAC, or BDC 
to work in ; then BC (the Side common to both Tiiangles) with 
Is agreeing Angles may be found, by which their Bearing and 
Diſtance from each other is diſcovered: And in each Triangle 
there is two Sides and one Angle between them given, to | 
the other Angles, and third Side; which is to be 1 | 
the third Problem of this Section. EI | 
Problem 7. Suppoſe a Ship ſailing N. W. two Iſands appear in 

ſight, one bears WNW. the other N. from the Ship. and when 

tre Ship bath ſatlad 6 Minutes further, the firſt bears Why S. 

and the other NE. Their Bearing and Difance is required ? © 


Arſw. South 58d. 46m. Weſterly, or SW by W. a quarter W. 
and NE by E. a quarter E. Diftance is Minutes 9-7 Fenths. 
2un4 out as before, in the laſt Problem. 


Prob. 8. Three Ships ſail from ane Port, the firſt ſails SW. by 
W. the jecond W by S. half W. and the third NW by W. 8 
min. then the firſt bears from the third 8 by W. the ſecond bears 
from the third SSE. The firſt and ſecond Ship's Diſtance ſailed, 
and their Bearing and Diftance from each ather is required ? 


Anfiv. Firit Ship's Diſtance Minutes 10.45, ſecond's Diſtance 
linuces 4.0, their Bearing Neth 37d. 24m. Eafterly, or NE. 
N. a quarter E. and 8 W by 8 a quarter W. Diftance Minutes 
75. This alſo is wrought by the Di ection of the Gth Problem. 


rob. q. Ad nit ſailing along Share, I fee two Headlands, the 
Eajtermsjt bears NNE. and the W:iRermoſt NW. off me, at the © 
fame teme an Iſlun bears S. then after I failed W. 8 Minutes 
— firſt did bear N E by E haif E. the ſecond NNE. and the 
2 ESE, from ne: The Bearmg and — of tbeje 
| — ram each other is reguired? | 


S ww 


. 1 


I WV we 


. 


F 


2 


Av. The Head lands bear North 88d. 53m. Weſterly, or 


/ 
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Eaſt and Weſt neareſt, Diſtance Minutes 7.95. 
Head-land bears from the Iſland, North 7 
by E. a quarter E. and 8 by Wa quarter W. 
s- an the wenne, Healan ea from th 
32d. 15m. Weſt, or N W by N. and SE by 
nutes 10.6 Tenths. 
6th | 
VIZ. 


This is of the fame Nature with the 
_—_— —  — 


are made, which makes up nine ſeveral Statings, tg 
—— . 
The next 4 Problems are uſed in turning to Wirdward, 


good within 6 ? Points of 
failed upon each Tack, to gain the ſaid Port ® 


 Hnſw. 823 Leagues, is the Ship's Diflance failed on each 

Tack. For 15 projected by the Plain-Scale. 
1. Deſcribe a Circle with the Chord of 60 Degrees, quark 

and place N.E.S.W. and A, as directed in Problem 5. 

5 1 4 2 . 


2 


of 


terte 


On i 
edge Nr 
where the b ck, and it's done. | 4 
For, A repreſents the Place the Ship ſail'd from, B the Por 
400 „ directiy to Windward, A C equal to CB, 
Ship's Diſtance ird on each Tack; which being meaſured 
| on the ſame Scale AB was taken from, will ſhew bow · muc 
N 8. 1 
But to work it by Tri try, in the Oblique Trianglt 
ABC, all the * and one Side AB being given, the oth 
Sides AC and CB are found as in the Firſt Problem of thi 


C and 
Section: And becauſe two Angles we oqual, the Tides 6H 
to them are alſo equal; therefore one Proportion finds 4 


— 
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Prob. 11. The Wind SW. reer (na- 

king one or many Boards) run 900 z that is, 
450 with the Larboard Tack aboard, and 450 with her Star- 
board Tack aboard, it got 300 Leagues direfily to Windward : 
I demand how near the Wind ſhe makes her Way ? 


Anſw. 70d. 32m. or 6 Points and a quarter from the Wind. 
Which 1— 


535253 FAI 


5 
1 


PH 


if 


it by Trigonometry, 
Sides are given, to find the by the 
AC and 
C to the 


find the Angle CA which is equal to th 
Courſe from 0 In wid Þ Gao bg 
of Plain . thus, 


Remainderis the Angle CAD = ABC jel. gum. blow 
— AEE ET INTIEs 


m 
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Faſt and Weſt neareſt, Diſtance Minutes 7.95. The Eaſtermoſt 
Head-land bears from the Iſland, North 14d. Eaſt 
by E. a quarter E. and 8 by Wa quarter W. iſtance Minutes 
9-15, and the Weſtermoſt Headland bears from the Ifland, North 
32d. 15m. Weſt, or N W by N. and SE by 8. Diſtance Mi- 
nutes 10.6 Tenths. 

This is of the fame Nature with the 6th Problem, only here 
are three Things to be found as preparative, viz. the Diſtance of 


each Headland, and the Illand from the Ship, and conſequently 


in three Triangles both in the preparative, and ſubſequent Work, 
Proportions are made, which makes up nine ſeveral Statings, to 
to reſolve this Problem. 

The next 4 Problems are uſed in turning to Windward, 


1 Problem 10. Suppoſe the Wind South, and a Ship is bound to a 
1 Port 400 Leagues direttly to Windward, and makes ber way 
good within 6 Points of the Wind. I demand her Diffance 


failed upon each Tack, ts gate te fond Pooy f 


| Hnſw. 823 Leagues, is the Ship's Diſtance failed on each 
Tack. For it's projecte8 by the Plain-Seale, . 

1. Deſcribe a Circle with the Chord of 60 Degrees, quarie 
it, and place N.E.S.W. and A, as directed in Problem 5. 
on the Meridian, from A (Southerly) v 
pi bound unto. 
towards E, and by it from A, draw 


from 8, towards W, and laying a Scale 
SW. W. Line from B, parallel to the 
won t the E E! E. Line in C, the Place 
are te: one. 
n B the Par 
to Windward, AC equal to CB, the 
on each Tack ; which being meaſured 
AB was taken om, will ſhew how much 


K . N 

But to work it it by Trigonometry, in the Oblique Trianglt 
ABC, all the Angles and one Side AB being given, the other 
Sides AC and CB a are found as in the Firſt Problem of thi 
Section: 29232 two Angles are equal, the Sides oppo 
228 > alſo equal; therefore one Proportion finds A 
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Prob. 11. The Nd SW. and a Ship plying ts Windward, (na- 
king one or many Boards) run 900 z that is, 
450 with the Larboard Tack aboard, and 450 with her Star- 
board Tack aboard, it got 200 Leagues direfily to Windward : 
1 demand bow near the Wind he makes ber Way ? | 


Anſw. 70d. 32m. or 6 Points and a quarter from 0 _ 
Which s thus delineated by the Plas fred. 


1. A Circle being deſcrid'd, quarter'd, and letter'd, as hath 
been directed in the former Problems; then lay 4 Points, from 
8, towards W, and by itand A, draw » (SW.) Line 00 Leagues 
long, from A to B. | 

2. . With 450 Leagues (taken from the fame Scale AB was 


FAA 551265 


Angle BAC, equal to 


Chords, ſheweth how way. 
But by metr 92 
. 8 and 

8 

Oblique Tri- 


8 
8 1 


FF 


- 


459 
find the Angle CAD which is equal to > 
Courſe from the Wind) which i» done by Note 2. f Axiom . 
of Plain Trigonometry, thus, = - 


j Gon. = 
inder i Angle CAD ABC od. 32m. or6; pt 
the b Cour from the Wind SW. W Oey 


Prob. 


all the Angles and one Side is 


Teck. 
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Prob. 12. Alnit a Shiv bound to a Port that lieth SW by $, 
484 Leagues Diſtance, the Wind S. by E. and mates ber = 
good within 6 Points of the Wind. I d-mand how far ſhe 
muſt jail upon each Tack, ta gain the Pert? 


Anfever 690 Leagues on her Larboard Tack, and 328 Leagues 
on her Starboard Tack, to arrive at the Port, which is thus 


demonſtrate by the Plain Scale. 


1. The Circle deſcrid'd, quarter'd, &c. as formerly, lay one 


Point from 8, towards E, and by it and A draw 8 dy E Line 
AB, repref-nting the Wind. 


2. Frem 8, towards W, lay 3 Points, and by it and A, draw 
a SW by 8. Line 484 Leagues long, from A to C. 
3- From the Wind (S. by E.) lay 6: Points towards W, and 


dy it and A, draw a {SW by W ; W.) Line AD. 


4+ Likewiſe lay 6 + Points from the Wind (S. by E.) towards 


E. on which Punt and A, lay a Scale; then from Cdaw an 


(E. by S. + 
the & W by 


Line to cut the Wind, (8 by E.) Line i B, and 
.:W.Line in D, and it's done. Fos AD, and 


W 


DC repreſent the Ship's Diſtance failed on each Tack, which 


being meafured on the fame Scale AC was taken from, will ſhew 


| how much the Diſtance ſail'd on each Tack is. 


By Trigonometry it's thus: In the Oblique Triangle ACD, 
given; to find the other two Sides, 
which is done by the firſt Problem of this Section, in Page 71. 
As S. ADC -- Side AC:: S. ACD + Side AD. 
S. 3+ Points. 484 leag.: a 690 Leagues, is | 
the Ships Uiftance fail'd en her Larboard Tack. | 
As S. ADC —Sice AC:: S. CAD Side CD. 
8. 31 Points 8. 21 Points 621 — is the 


leag. : 
Ship's Diſtance faul'd on the Starboard Tack · 


Preblem 13. If tws Parts lie SW by S. and NE by N. Diſtance 

484 Minutes, the Wind 8 by E. and @ Ship ſails from the North. 

_ ermoſt Port, claſe upon «a Wind 695 Minutes, with her Lar- 

board Tack ahoard, and 33a with her Starboard Tack abcard, 

and then arrives at the Southermoſd Port. I demand how near 
#he Wind ſhe makes ter way good upon each Tack ? 


Hy. 70k. yam. on one Tack, and 70d. 


40m. on tother; 


which is 6 £ Points from the Wind; that is 8 W by W. W. 


with her 1 4— Tack, and * 4 E. a 
Eich 
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Which is thus demonſtrated by the Plain Scale. 

1. Deſcribe a Circle with a Chord of 60 Degrees, quarter 
it, &c. as formerly, then lay three Points from 8, towards W, 
and by it and A, draw a SW by Line 484 Minutes long, from 
A to B. 

2. Lay 1 Point from 8, towards E, and by it and A, draw 
the 8 by E. Line AC. 

z. With 695 Minutes (taken from the fame Scale AB was ta- 
ken from) and one Foot on A, make an Arch; alſo with 332 
Minutes, and one Foot on B, cr06 the former Arch in D. 

4. From D, draw Lines to A and B, and continue the Line 
BD. "Lai it cuts the S. by E. Line AC in C, and it's done: For 
the Angles DAC, and ACD meaſured on the Scale of Chords or 
Rumbs, will ſhew how near the Wind the Ship makes ber Way 
gocd on each Tack. | 

By Trigonometry it's thus: In the Oblique Triangle ABD, 
all the three Sides are given, to find the pn wn that is, the Side 
AD 695 Minutes, Side AB 484, and Side BD 332 ; to find the 
Angles BAD, and BDA ; which is done — 
of this Section, in Pages 72 and 73. 

The next Problems are concerning Currents. 


Prob: 1 4. Sup02/e a Current ſets NNE. 7 e 
time, and a $hip fails SSW. (by the Log )o | Hlinutes in the ſame 
time What is ber true Courſe and Fe, Ak 6 


Anfw SSW. is the Ship's true Courſe, and Diſtance 2 M- 
nutes: Which is evident by the Plain Scale, thus; 

1. Having done as formerly directed, in mating a Circle, &c, 
Lay 2 Poinis from 8, towards W, and by it and A draw 2 SSW, 
Line 9 Minutes long, from A to 'B. 

2. With 7 Minutes (taken from the fame Scale AB was taken 
from) and one Foot on B, crois the Line AB in C, fo that BC 
may be NNE. and it's done: For AC meaſured on the ſame 
Scale, ſheweth the Ship's true Diſtance, Or thus, 

From the Ship's ſuppoſed Diſtance SSW. 9 Min. AB. 

Subtract the Current's Motion NNE. 7 Nin. BC. 

Remains the Ship's true Diſtarce _ OW. 2 Min. AT 
The like is done for the two next following Problems. 
Prob. 15. If Current ſet E. 4 Ain. an Hour, Sup fail 
Z. (by the Log) 5 minutes in an Hour : The Ship's trus Courſe 
and Diſtance is required ? 


* as. * 
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Prob. 16. Current ſetting WSW. go Minutes in @ known time, 
and a Ship failing ENE. (by the Log.) 6o Minutes in the 
time: What is her true and Diftance ? | 
Aꝛſiu. WSW. 30 Minutes; fo ſhe is fallen a Stern. 
Prob. 17 Suppoſe a Current ſetteth E. 2 Minutes an Hour, 
and a Ship fails S. 60 Minutes an Hour : What's her true 
Courſe end Diſtance ? : | 1 
Anfeo. South 18d. 26m, Eaſterly, or 8 by E. 1 E. is the 


Ship's true Courſe, Diſtance Minutes 
By the Plain-Scale, it's thus demonſtrated. .... 


FI 
t. After a Circle is deſcribed, &c. as formerly, then lay 
6 Minutes on the Meridian from A to B. | 


which is done by Axiom the Firſt, and Note 1, and 2. of Plain 
Trigenometry, in Page 36. _ 
In like manner, Problem 18 and 19 are performed. | 
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3. Lay 30 Minutes (on the Meridian) from A to D, and 
is — Line Parallel to AW, to cut the WSW. 

in * 

4. Then draw a Line from B to C, and it's done: For the 
Angle ARC being meaſured on the Scale, ſheweth the Current's 
Motion from SSW. and the Side BC being meaſured ſheweth 
how much the Current ſet the 

By Plain Trigenemenry, it's thus ; 

1. In the Right Angle Triangle ADC, * given, the 
Leg AD 30 Minutes, Angle DaC 6 Points, and Angle ACD 
2 Points; to find the Hyputenuſe AC, which is done by Axiom 
Firſt of Plain Trigonometry. | | 


2. Then in the Oblique Triangle ABC, there is given, the 
Side AB 49 Minutes, the Side AC found before, apd the includ- 
ed 4 AC 4 Points, equal to 45d. to find the Angle ABC, 
(the Current's Motion from S. S. W.) and the Side BC, it's Mo- 
tion how much, which is ſolved by Axiom the 3d, as was the 
laſt Problem. 

Let this ſuffice, for the Fir Part of Navigation, commonly 
called Plain Sailing, (tho* many more Problems might be in- 
vented.) Wright's-Sailing is next in order. 


8 


| CHAPTER I. 

5 The Second Part of Navigation, or the Doctrine of Plain 
Rright - Angle - Triangles, applied in Problems of 

Mr. Wright's Sailing (vulgarly) called MEzcaTtoR's 


SAILING, 


JT's veceſlary to deſcribe Mr. Wright's Chart, and ſhew the 
Buda ws 1 before the Problems of Sailing by it, which by 
this Method will be the eaſier underſtood. 


Section I. feription and Uſe of N- Wright's-Chart. 

1 en Ro 4 A ts 
r | to 

of which, | following Definitions. "_ 

1. Upon this ren 
one called the the other ihe South Pole; as P. and 
I. Plate 5. Fig. 1. 
| 2. In the Middle between thoſe two Poles, or equally dif- 
| tant from each, is drawn a Circle round the Globe, called the 


E quazer ; 


a . S 


2 


1e 
'S 
* 
d 
A 
IE 
L 


ſome) it's counted encreaſing to the Eaſtu ard, till it end (where 


it rſt began) in 360 Degrees, the greateſt I Qthers | 
las Mr. Wally, in his Mariner“: wy, - fa 
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Jnr, from which, Latitude taketh it's Beginning, and i 
which, Longitude is reckon'd ; as AA ny 

3. Any Circle drawn through both ole, is called a Men- 


*. 28 PMIL, PNI, Cc anſwerable thereuntd is any North gx 
South Line drawn in the Chart. 


4- Thoſe Circles which arg parallel to the Equator, are cal- 


| fed Parallels of Latitude; as 7t, 2 It, Ce. and are repreſented 


in the CH-grt by the Eaft and Weſt Lines. 
Latitude of a Place, is the (neareſt) Diſtance of any Parallel 
over it from the Equator ; from thence counted 

Ways to gach Pole, ending in go Degrees, the greateſt Latitude, 

6, North Latitude, is on that Side the Equator towards the 
North Pole, and South Latitude on the other Side of Equator, 
towards the South Poje. 

7- Diffetenge of Latitude, is the (neareſt) Diſtance between any 
two Parallels, and ſheweth how far one e 18 to the North 
ward or Southward of another, it never exceeds x80 Degrees. 

8. Longitude, is reckon'd in the Equator, round which (by 


d) reckon it 
from one Meridian, both _—y and — 1010 both Ac- 
counts meets at 180 in the oppoſite Meridian, as in the 
aſoreſaid Book, Longitude begins at the Meridian of Landon, | 
—_ Eaſterly, yen rg 180 De- 

; and We a eſt Longitude » Degrees, at which 
. | 

9. Difference Longitude, is that Diſtance or Portion of the 
between the Meridians of any two Places, and 
ſheweth (in the Equator) how far the Meridian of one Place, is 
to the Kaſtward or Weſtward of the Meridian of another, and 
never exceeds 180 Degrees, 

From theſe Definitions, or Principles, there muſt neceflarily 
follow theſe Theorems. 
= The Difance of any two Meridians, in any Parallel of Laij- 
tude, is leſs than their Diſtance in the Equator, becauſe all Mer 
zidians on the Globe meet in the Poles. I 

2. The Degrees of Longitude diminiſh towards each Pole ; 
and the nearer the Pole, the leſs they are, becauſe the Meridians 
approach nearer to . 
ne * 


Fe - zm 
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The Degrees of Latitude are equal in all Palces or Parts 
of ibe Globe. 

4. The Plain Chart, which counteth the Degrees (as well 
of Longitae, as of Latitude) in all Places to be equal, is noto- 


rioully Falſe 
(commonly known by the Name 


5. Mr. Wright's Projection 
2 Chart) wherein, (though the Degrees of Longi- 
tude are equal, having the Meridians parallel to one another) 
vo Danes of Lane are enlarged towards each Pole, in the 
fame Proportion as the Degrees of Longitude diminiſh on the 


Globe, will in all Reſpects agree with the Globe, and is a true | 
Wap of Sailing 


S 
no more for the Deſcription of this Chart, it 
Difference from the Plain Chart, before deſcrib'd 
Seck. 2. Page 53. tat the Equine @ divided, qnd manderd & 
Degrees, as the Meridian is, and without any 

Deſcription, the Uſes are as follow. a 


Problem 1. To find the Latitude of any Place in the Chart 


This was taught before (in the Uſe of the Plain Chart) in 
Page 54, and needs no further Rule or Example. 


Problem 2. To fad the Longitude of any Place in the Chart, 
The Rule t. Take the neareſt Diſtance. from the propoſed 


Place, to any Meridian. 
2. Move the kept at that Diſtance with one 
„ and 


Foot on the Meridian, till both Feet come to the 


ihe Foot which ſtood on the propoſed Place Jheweth its Long; 
tude requiced. 


Example. 1 demand the Longitude of the Lizard in England ? 


Anſwer. gd. 40m. according to the old Way of computing 
the Longitude from the Meridian of Pice Tenerif; But 5d. 2 m. 
Weſt Longitude, counting Eaſt and Weſt Longitude, from the 
WWW | 


Nutz 
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Note, Some Charts begin itude at the Lizard, counting 


from thence Eaſtward and eſtward, 180 Degrees. 

Problem 3. To find the Courſe, or Bearing of any two Pine i 
This is done as before, the Uſe of the Chart, 

_—= > * 


Problem 4. To find the Difance of any two Places in the Chart, 


| In this Problem are four Caſes ; the two Places may be fitua- 
| ted under one Meridian, under the Equator, or in one Parallel, 
or they may differ both in Latitude and Longitude. 


Caſe 1. Two - Places under one Meridian, (that is, differing 
only in Latitude] being given, to find their Diſtance. 


The Rule. Find the Difference of Latitude between the two 


given Places, and tis the Diſtance 


How to find the Difference 1 the rwe Flv" | 


ces, has been taught in 4 2 of Plain Sailing, 
in Page 58. m_ 7 


Caſe 2. Two Places in the 8 2 


The Rule. Find the Diſference of Longitude between them, 


nd *tis the Diſtance 
How to find the rence of Longitude, will be ſhewed in 
the next Seton, in Page By DW 


Caſe 3. Two Places in aw Paralhd. (tht is, ding any in 
Longitude ) being given, 0 find their Dijtance. 


The Rule 1. Take the Diſtance between the given Places in 


E 


* JW 
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. Here, the Diſtance from the Lizerd to Pengwin land, appli” 
ed to the Meridian as directed, will reach from 36d. 30m. to 
63d. 3om. the latter being as much above god. oom. as the for- 
mer is below it; and the Degrees intercepted are 27, or 540 
I Leag. which js the Diſtance required. Or thus, | 
anke the Length of a Degree in the given Latitude, as here 
i from 49d. 3om. to god, 30m. turn that over in a ftrait Line, 
I from the Lizurd to Pengtoin Iſland, and it's 27 times; which 
 fhews the Diſtance 27 Degiees as before. | 


Cuſe 4. Two Places differing in Latitude and Longitude, being 
| given, is find their Diſtance. 


12 1. Take their Difference of Latitude from the 
Equator. | 
1 2. Lay 2 Ruler on both given Places, apply that Diſtance ſo 
do the Ruler's Edge, that when one Foot is placed cloſe to the 
Ruler, and the other turned about, it may juſt touch ſome Eaſt 
— ra add Ruler's Edge, there Ay the 
Compaſles. 
23. Then the Diſtance (by the Ruler's Edge) from the Place 
= where the Compaſles reſted, io that Place where the Ruler 
” crofleth the aforefaid Eaſt and Weſt Line, meaſured on the 
Equator, giveth the Diſtance required. 
I demand the Diſtance from the Lizard to the Maud Barbadoes ? 
The Ligard's Latitude is 0d. _— by Problem 1 
And Barbados Latitude i 13d. oom. S7 Gu 1. 
Their Difference of Latitude 37d, com. 
Then take their Difference of Latitude 37 Deg. from the 
Equatcx, and laying a Ruler on both Places, apply ane Foot of 
the Compaſſes ſo to the Ruler's Edge, that turning the other 
about, it may touch an Eaft and Weſt Line, croſſed by tlie 
Ruler ; then the Diſtance | 
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| Thus much for the Uſe of Mercator's-Chart, Problems of 
failing by ä firſt —— Problems in 
Geograpby. 


Seton. l. Tome ee, Sage, Pie, et i 
Mercator's-S$ailing. 


Problems properly belong to Geography, but are ge- 
1 in failing by Mr. Mrigbi's (commonly called Merea- 
tor's) Chart, and for that Reaſon are placed here. 


Note; That all the Places mentioned in this Book, their Lati- 
tudes and Longitude were taken from a Chart, Intituled, 
A new and aract Chart, containing the Sea-Coaft of Europe, 
Ai, — England to Cape Bona Eſpe- 
rance, and from New- -land 10 the Straits of Megellan, 
according to Mr. Soon We Paulin, — 
by Wilkam Mount and Thomas Page, on Tower-Hill. 


This Chart has been new made, and lately corrected, wherein 
the Longitude of Places is reckoned from the Meridian of For- 
Aon, agreeing with the Mariner -Cumpaſi „ : As for the 
diſagreement that may be found between it Tables of Lati- 


| ther, as following 
Problem gene age ie Ge Faces given; w find thei 
Difference of Latitude. 


| Rule x, If the two Places are upon the fame Side of the F- 


2. If a Ship fails from a great Nannen 
fails Northerly ; but if ſhe fails from a leſs South Latitude to a 


greater. ſhe alls Southerly. 
3. When a Ship croſſes the Equator, and fails from North 
Latitude into South, the Difference of Latitude is Southerly ; or, 
Northerly. 


if ſhe fails from South Latitude into North, ſhe ſails 
s of 


Example 1. 1 demand the Di 
: Lizard, and! 


Their Dif. of Latitude by Subtaftion is 36d, 35m. — to 
2195 


Example Ty find the rrence of Latitude ue the Wand 
8 1 Hand St. Helena. 


Their Dif. of Latitude by adding, & 296. bean 
to 1768 Minutes. 
The Latitude one Place, and the Di, 
N 1 Place Tots ory 
— fc 


The Rule, * 
Ds Lun, an Dice of Laitle gre, being of 


— wp do 

e! f. 
datt the leg _— the greater, the Remainder 58 
Land of he fame Name with the ge. wi 


r 
Example 1. Sailing from the Ifland Barbadees North Paſtward, 


Mercator”s-Sailing. * 


until the Difference of Latitude be 372 Leagues; What Latitude 


is the Ship in ? 
I. Barbadees, Latitude is 13d. 25m. North. 
The Difference of Lat. 372 Leag. or 18d. 36m. Northerly. 
Add, is the Latitude the Ship is in— 32d. om. Northerly. 
Example 2. From the Lizard, a Ship fails South Weſtward, 
until the Difference of Latitude be 137 Leagues; What La- 
titude is the Ship in? 8 
The Lizard, Latitude a god. com. North. 
The Difference of Lat. 137 Leag. or 6d. gum. Southerly. 
, 1. North. 
—— d, until 
of Latitude be 419 Leagues ; What Latitude 


Longitude of two Places given ; to find their 


g> Mercator's-Sailing, Chap. IV. 
Lizard and Iſland Teneriffa, one of the Canary anda? — 


— Long; \ Lizard i 9 
ording is | 
ro theol nd | Teneriffa, © 09 


D | 
Lizard is 


poſs Reitifid 


Example 2. What*s the Difference Longitude 
rg he badoes ? if 7 berocen the 


By the Mariner Compaſs Longit. of 5 Lizard is -- 5d. 24m.W, 


558d. am. W. 

Sodtraet, is the Difference of Longitude — 520. Jom. e. 
qual to 3160 Minutes. | 

Problem 4. To inow when the Difference of Longitude between 
am two Places, is Eajterly, or Weſſerly, 


6 Prins to te Vi of ings Lange, 
u 18 
| EF the Remainder (firſt found) be leſs than 180 


you as to fa to the lefs, it's Weſterly ; And when the firſt 


ww © @a 0 


"MS * 


„ Fo, "ORD WT 


creſt, add 360 Degrees to) 


Lag... for Eko 


Rut# 1. —— * and the 
1 the Sum, (but if it exceeds 
Degrees therefrom, the Remainder} 


Y 174 —_— 
t from (but if the Difference of Longitude be 
ngtale 4 — — 
the Remainder is the Ship is im 

24ly, According to the new Way of counting the Longitade 
in the Mariner Compaſt ; the Nuke con ta 4 


Rule 1. In Eaſt 
Weſt 


Ship is in, (if it exceeds not 160 — — my of 


Name of the firſt Place; but if # doth exceed, ſubtract it from 


360 Degrees, the Remainder is the Longitude the Ship is in, 


of a contrary Name to the firſt. 


Rule 2. In Eaſt Longitude, failing Weſterly, and in Weſt Lon- 
gitude, ſailing Eafterly ; N 
is in, 2 the greater. 


eee n es, What Lame 
the Mariner Compaſs, . of the I. Barbadoes W. 
By ths Morin Comb Long of Boku 8 04W 
Subtract, gives the Longitude the Ship is in 44 19W. 
E zemple 2. From the Lizard a Ship fails B. Weſterly, till the 
— q ana Oh 


By the Mariner” Compaſs, — the Lizard is g 122 
23 00 


the the — 
al, wn => 4% 
Problems are next. ans. | 
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Sea. III. Cont Problems Sailing by My. W 
| DA. * 


282 2 Table of Meridional 


| is neceſſary ; accordingly out of Mr. 7; T 
rie = 


the Meridional Parts in Miles, or Minutes of the Equatbr : 2 


| da $ no Ls we Ge Gre LAS 
wie, and that i done dy he next Problem. | 


Meridional Parts, (found in the Table of Meridional Parts) ans 
fwering to the Degrees and Minues of each Places Latitude, is- 
the Meridional Difference of Latitude required, 


Example 1. ſand Barbadoes, and 8, Thome, an Jſlend on the 
— nee "Or 


Wand { Rabl. 4 ff 299 . Jure. r. 4 b 
. 
Example 2. The Lizand and Iſland Barbadoes ; What i their 

Meridional Difference of Latitude ? - 
— Latitude 3507 25m. f N. Merid. Parts 72 3474 
Suberat, gives the due dend Det Latitude — 2663 


Example 


$&. III. 


F NANA T 


WIONMNG % ET a 


bs 
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Example 3. Ifland Barbadoes, and Iſland Se. Helena; bar 
is their Meridienal Difference of Latitude ? | 


rie- E con ua Pan {Be 


Add, gives the Meridional Difference of Latitude —— 1788 1788 


Problem 2. The Latitude and Longitude of two Places given ; to 
nated: g 


— 


d. m. Min. d. m. 


L Barde. | Barks, (Lat of $9000 TN. Ae tw 


— —— 


Dif. of Lat. —36. $6358 Mer Dif. Lat a66aDifLan.g2.40W 


—— _ —— — — — 


or 2195 Min. or 3160 min, 


This Rectangle Triangle ABC (Plate 3. Fig. 5.) is made by 
Problem 13. of Practical Geometry, after this manner. 

1. From A repreſenting the Place failed from, lay the Meri- 
dional Difference of Latitude to B. 
2. Draw BC icular to AB, and thereon lay the Dif- 
ference of Longitude, from B to C. | 
3. From A to C (repreſenting the Place the Ship is bound to} 


draw a Line, which concludes the Triangle ABC, Right-angled | 


at B, whoſe Angle BAC meafured on the Scale of Chords or _ 


Rumbs, ſhews the Courſe, or Bearing of the two Places. 
4. Take the Difference of Latitude, and lay it on the Me- 
ridian, from A to D, and draw a Line DE, parallel to BC, to 
cut AC in E, and it's done: For if AE be meaſured on tha 
ſame Scale AD was taken from, it ſhewet® the Diſtance between 
* ra Trigmometry, there ReQangle 
to * are une 
 Priatighes 


— 


1 


% | . +." >; _ 
* . * 


| 


the 


Chap. IV, 
Radius; 
makes 


; in the former you muſt Note, 
AD is the Sine 


YZ» 


is the Complement of the Courſe. 


Difference of 
: Radius T,. of the Courſe. 


:: T.45d,.. T. 49d. 5 zm. 


ectangle Triangle ADE, 


eg AD is the 


proper 
the Proportion by Axiom z. Note ,t 
AE Radius, the 


E, is the Difference of the two Places. 


nit 


f 


Longitude, to the Tangent of the Courte ; 


1 


Difference of Latitude, is to the 
x60 Min. 
Po 


half W. 


BC, is the Difference of Longitude. 
moo 
the 


Leg 
Ang 
Angle ACB, 

ngle BAC, and therefore it is, 


te Difrene of 

1 
RES = 
2 being turned 


1. The Leg AB, is the Meridional Difference of Latitude. 
Xt ib ne. then the Leg BC is the Tan- 


2. The 
3+ The 
4. The 
. For the Courſe, the Proportion by Aviom 1, Nate 2d, i 


cet in} 


e 
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Line; that Extent meaſured on the Line of equal Parts will be 


44;53d. W EY CG E TATE 
which is but 2 Minutes more than by the Table. 


Bath Latitudss and the Difance, 
% ——— 


Examp. A Ship fails from the Lizard, and to hs Bah 
g (when Variation, Lee-way, Cc. are allowed for) to be 8. 394. 
W. or SW. by S. + W. and then by Obſervation, is in Latitude 
457 __ 1 * 
18 In m. | 


Problem 10. 
x 1: To fd the Dune. the Pragentinn (e in Plain Sailing) 


S. c. Courſe . Diff. Lat,: : Radius . Diſtance 
f, 2 1d. oom. 269 Min. : * goa. Minutes, . 
o find the Difference of L 7, the Propartion i 


this; 
Radius .. T. Courle :: Merid. Diff. Lat, -- Dif. of Long. 


. 45d,-- T. 39d. :: 400 Minutes 32g Min. or 5* 25". 
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Both Latitude . 
» Problem 4. giuen;z t find the 


Sed from 11 l Nath Merid. Parts 4 F 
rr 09 


00 Min. .8.god.: — Which 


the Courſe . 


Nemainder is 
Weſterly 31 of the Compaſs, which makes the Court 
to be by N. W. neareſt. 


N 


A 2. Tofind the Di. of of Longitude, the Proportion is thus; 


T. Courſe :: Merid. Diff. Lat. Difference Long, 
T. 36d. : : 309 Minutes -- 232 Min. or 3d. 52m. 
Or thas, the cent (on the Meridionsl Line on he Gunter) 


vine mar $5 


* 2 


FOE Say > fog, 


r 
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Caje of Plain Sailing, in Page 60) is thus: 


1. The Proportion for the Courſe and Diſtance, are the fame 
as in Chapter 3. Seffion 3. Problem 6. of Plain Sailing, in 
Page 63. to which I refer you, and here omit them. 

2. To find the Difference of Longitude, n 


e eee $297 


222. 


Differ. of Latit- rod. om. 242 


Or, 6 
Differ. Latit. 550 Minutes. Then you may fay, 
As Diff. Lat, .. Departure : : Merid. Diff. Lat.. Diff Longit. 
As 6go min. .. 789 Min.:: 919 Minutes . 1 116m. or 18d. 36m. 
Or thus; The Extent (on the Meridional Line on the Gunter) 
from Latitude god. zom. to Latitude 39d. 20m. (meaſured on 
the Line of Equal Parts) is 15d. 3 Tenths, the Meridional Diffe- 
rence of Latitude. 28 
5 18d. 3 Tentbs 18d. 6 Tenths 


Problem 6. One Latitude, e to find'® 
the Difference of Latitude, and Differennce of Longitude. 


Example. A Ship in Latitude 42d. 20m. North, and Long 
tude 18d. zum. Weſt, tails S. E. by S. 59: Minutes, or 197 


LINES I demand the Latitude, and Longitude the Ship is in ? 


1. For the Difference of Latitude, the Proportion (by the * 


As Radius .. Diſtance : : S. c, Courſe .. . 
As S. 8 Points 89 Min. : :& 5 Pu. - 491 Min. or 8d. 11m. . 
Latitude failed from——=426. zom. N.  Merid. Parts 282 2m. 
Diff. Lat. 491 Min. or — 8d. 11m. S. 
Latitude the Ship is in— 349. gm. Ne, Merid. Parts 2195m. 
Subti giveth the Meridional Differenge' of Latitude 627m. 62 
> The Extent (on — Line on — | 
ter) ——_— = | 


* 


* * 


the Line of Equal Parts is 10d. 5 or 10d. zom. the Meri- 
—_ 


— — — $8. Zim. Weſt. 


— Zim. Weſt, 


tom. South, and itude red. bis. Mi ans Ss 


Latiude and Leveirude fe > in? 


4 2 46m. 8.1 id 1 yy 


Wl 
„ 2 
1 
1 . 1 Difference 
| * 
"i * 2 


ps Min. : : 667 Min. — 161gm. or 26d. 55m. 
thus ; the {on the Meridional Live on the Gunter ) 


x the Line Parts ; is 21d. „ the 


Mercaror”s--Sailing. Chap. i 


: ; d6d.oj - of ML Long att. 
DAA. oom. Eaſt. 


find 7 Dijtance, Difference of E ind Difference if 
Longitude. 


A Ship fails ESE. flom © extats Res bs Lott 
as, ts 


Properties is, 
Departure L Longitude, he Dif of Long. 


Sec. HI. Mercator's-Sailing, 99 


Problem $ One Latitude, Diflance ſaid, and Departure from 
the Meridian given, to find the Cnr ſe, Difference of Latitude, 
ond Difference of Longitude, 


Example. A Ship in Latitude 49d. North, and Lon» 
gitude 1 4d. 4om. Weſt, fails South Eaſtward 645 Mingytes, 
until the Departure ſrom the Meridian be 500 Minutes: I de- 


. or 64. 49 min. p and 6 
nd G Ma 2 


Extent (on the Meridiopet Line on the Gunter) ; 
to Latizude 42d. 43m, (meaſures on 
the Meridjonal Difference of Linde; 


\Then, w fail'd fre. —— — 1 om. Welt. 
— 


Courſe, and Difference — 
given; e Dit ad Diferce , 
Example. A Ship fails SW. 


ſhe bein — 7d. 26m. eſt I demund the Late the | 
Ship is in, and her | 
Longitude 


fail'd ? 
failed from gd. 24m. Welt. 
. 


* and Remainder is the Diff. Lang gon am. 
Wan 


62 


* 
- 5 * ” 


4; Fox 3 


—ä — W 5 — — — 
ö —— — — 
9 9 » — —— n a 4 — a 


oon. North, whoſe Com 


100 Mercator 's Sailing, Chap. IV. 

t. For the Mer. Difference of Latitude, the Proportion may 
be thus ; 

As T. Courſe +- Radius : : Differ. Long. . Mer. Diff. of Lat. 
As T. 5 Pts. T. 4PG.:: 3122 Minutes -. 2085 Minutes, 
Latitude Alec from 50d. its Merid. Parts — 3 — 3474 ſubtract 
giveth the Mer. Pts. for the Lat. the Ship is in 1 389 389 which ſeek 
in the Table of Meridional Parts; and againſt it you will find 
22d. 33m. the Latitude the Ship is in North. 

Or thus, on the Gunter; take the Meridional Difference of 
Latitude, being 2085 Minutes, or 34d. 45m. from the Line 
of equal Parts, and ſet it from the Latitude departred from, viz. 

od. oom. on the Meridional Line decreafing (becauſe tis North 
titude, and failing Southerly) and it reacheth (in the fame Line) 
to 22d. 30m. the Latitude the Ship is in, very near to the La- 
titude found above by the Table of Meridional Parts, differing 
from it but 3 Minutes. 

Then having both Latitudes known, the Difference of Lati- 
tude is found (by ſubtracting the leſs from the greater) to be 
27d. 27m. or 1647 Minutes, or 549 Leagues. 
2. Find the Diſtance fail'd by Chapter 3. Section * Problem 


- 


or Caſe 2. of Pla n Sailing, in Page 61. 


Problem 10. Tio⸗ Places in one Parallel, or 
ference of Longitude given; to Js th 


Example. I demand the Diſtance 
Pengwin IVland on Newfoundland ? 


1 21 ee FLovgit wh 


Sobuack, and Remainder is » Long, 2 0 


Dinter of Long. 2888 Une 1 
Theſe Places are bh poſed to ſie) in. Latitude 30d. 
nent is 40d. conf. 
To delincate this Probien by the Plain Scale. 


7. Dew the prick'd Arch BC, with the Sine of go Degrees, 
oe Font being on the Center A. | 
2. Lay the Difference cf Longirude on that Aren, from B 
0 C, anddraw the Lines AB, AC, end Bu. 
3. With 


1 


and one Foot in A, draw 
the Arch DE ; that is, take 


w. Explanation of the Scheme. | 


{North Pole of the 


N — ——— * 


1122 a. ce 


repretents the 


en fes 
Ow eh LV 1 


Earth. 


FF 11 
1 


"202 Nercater a. 


What Lcngirude is the in? 


* LA 
Latitude of god. oom. from the Scale Chor 
N IIe 3 


marked (ML) and it ſheweth Minutes * 6 Tenths make a De- 


7 of Deg. Mi in that Latitude. 1 fay, 
[ m. 238.6 : : Diff. =d. as 
— 35 Long. 4: 86 1842 


Problem 11. Two Places in one Latitude, their Diftance 
given; to find their Difference of Longitude. 


E xomple. If a Ship fails Weſt 390 Minutes from the Lizard; 


o delineate this Problem by the Plain Scale. 3 
1. Take go r 


being meaſured on the fame Scale DF. was take from, ill ul 


The Proportion (by the 4th Propoſiti 0 Þ Book 
n # r 
As S. c. Lati 

As 5. 


Longit | 
: Diſtance -- Difference of Long. 


: : 290m. -- 20d. 13 or 10d. o6m. 


Add, gives the Longitude the Slip in — 754. zim. We. 
Prob, 


ir Di 


Latitude, 


of 


F 


and Di 


Problem 12. Tive Places in one Parallel 


Sect, HII. 


to find the Pra 


tel of Latitude. 


TT 


1 


A 


is 


Sailing by Middle Latitude. Chap. TV. 
To find the Latitude (by the forefaid Propoſition of Euclid] 
the Proporticn is thus ; 3 

Diff. Long. Diſtance : ; Radius . 8. c. Latit. requied, 
As 2842 Min. .. 823 min. : : & od. 8. 40d. tom. 
Which ſubtracted from — god. oom. 

The Remainder is the Parallel of Latitude — 49d. om. North. 


Or thus; by the P/:m-S:2le. 
As 2842 min. . 1833 min. : :60 min.. min. 39.7 Tenths, ma- 
king one Degree of Longitude, in the Latitude required. 


Then from the Scale of Miles of Longiude (marked ML} 


take Min. 38.7 Tenths, meaſure it on the Scale of Chords, aud 
it ſheweth the Latitude to be 49d. 30m. as before. 


ern IV. Pratlems of Sailing by the Midd!: Latitude ; or 4 


= Mercator's-Sailing. 


by tte 1 — and Gunter Scale. 


find their Cour ſe and Diſtance. 


Example . What is the Courſe znd Diflance rom the L341 

l go the 3 brows of] | 

. = d. 2 d. m. 

= ＋ — 50 oo 24 W. 

| CASE 2 314 etw. 

1 Difference Lande 36 2:8. ſum 63 25 Diff. Long. 52 4oW. 
21 42 - 


Minutes 2195 fubr. it from 9 00 of ” 3160 min. 
Dompl. Mid. Lat. 38 38 


1 Plat 
An " "or non En 


ick d Arch IK with the Sine of Degrees 
2 enn ns 


OED Comp!ement of the Middle Latitude, and one 


4. On 


tion dran from the Adiddle Latitude, nearly ag ay £ 


T* theſe Problems, Abs Uis aunts of de Tabs af Mi 
ridional Parts, and all its Propertions may be gs boih 


= 
4 Problem I. The Latitude, and Lengitude of two Places given ; 1 te 


e to cut the · Meridian in G. 


Sect. IV. Sailing by Middle Latitude. 105 
4- On the laſt Arch, lay half the Difference of Latitade, 
from G to H. 
5. By A and H, draw a Line, to cut the firſt Arch (made 
with the Sine of go Degree) in K. 
6. Lay IK twice on the Meridian, from A to B. 
7. On Z erect a Perpendicular, and thereon lay the Dilfe- 
rence of Longitude, from B to C. | 
8. Draw a Line from A to C; and from D, draw DE pa- 
rallel to BC, to cut AC in E, and it's done. Plate 3. Fig. 6. 
Then is the Leg AD, the Difference of Latitude. 
The Leg BC, the Difference of Longitude. - 
The Hypotenuſe AE, the Diſtance of the two Places. 
The Leg DE, the Departure, according to the Plain-Chart. 
. the Angle of the Ce 


1. To find the Courſe, or Bearing, the Proportion iss; 

As the Difference of Latitude, is to the Difference of Longi- 
tude ; {0 is the Sine Complement of the Middle Latitude, tothe 
Tangent of the Courſe, Or more briefly thus ; | 
As Diff. Lat. „ + 1 - - 2: Guat 5 
As 219-5 min. .. 3160 min. : : S. 58d. r „ T. 50d. 

By Gamer, The Extent from 2195 Minutes » at 
Lo ants Line of Numbers, being lald (increafing) from Sine 
284. 18m. reacheth beyond the Sine of god. wherefore lay that 
Extent from the Sine of go Degrees towards the Left-hand, and 
tay one. Foot there; then 9 — 2 
plement of the Middle Latitude 58d. 18m. this laſt Extent of 
the Compaſles, lay 2 45 Degrees, and it ſheweth 
on Tangents 5od. 4.5m. the Courſe South weſterly, or SW half 
. which is the Courſe from the Lizard to the Jfland Barbadecs. 

Or thus; By two to ſind the Cour: e. = 
Firſt, 1 14 is to Sine "of the Mid. 
le Latitude ; fo is the Difference of Longitude, to the Depar- 3 
ure from the Meridian, or Meridional Diſtance. 

Meore briefly thus; 
| AsRadius . .8. c. Middle Lar. : : Diff. Long, . " 
As S. god. S. 58d+ 18 min.:: 3160 Min. .. 2685 min. 
mo As the Dit rence of Latitude, is to the Departure 
om the 3 — a 


+ gr 
* Or 


co 


. 
. 


N 1 71 3 
"LS 


206 Sailing by Middle Land. Chap. IV 
Or more briefly thus ; 
As Diff Lat . . Departure : : Radius ... T. Courſe, 


As 2195 min. .. 2685 min.: T. 45d. „T. god. 45m: as before. 
2. To find the Diſtance, the Proportion is, 


As S. c. Courſe . Dif. Lat. : : Radius . Diftance 
As P. 39d. 1gm. .. 2195 min.:: S. god. .. 3 

Problem 2. Both Latitudes and Courſe given ; to the 
Diſtance, ond — * 

. Sip als from the Lizard, and make 

{when Variation, Lee-way, Ge. allowed for) her Courſe South 

eee 

e 

m 

2 Uo zum. North 45 71 

22 — 4d. 290m. Sum both Latitudes 95 EF: 

60 The half is Mid. Lat. 47 4 

| Or, Minutes 26g Which ſubtratt from 

Tue Remeinder is Compl. of the Middle Latitude 42 = 

Ire * 

inform the diligent Learner. 


i. The Diſtance is 346 Minutes by Chapter 6. Seftion 3 
Problem 3d. of —_— in Page 95- 

2. To find the Difference of Longitude, the Proportion is, 
As the Sine of the Middle Latitude, in to the 
Tangent of the Courle: fo is — to the 
Difference of Longitude. Or thus; 
12 : : Diff. Lat. .. Diff. of Long, 
As rm. ©.» 28 min. 324 min. | 
FN C 
Scale, the General Rule of extending from the Firſt Term u 
the Second, c. will not ſerve, till the Firſt and Second Terms 
we teduced toone Line, or Scale, and that by this Rule follc 


ing. 
Lene Rubs to reduc the Second Term Tangent, to the 


1 Fir Term Sine. 

- Extend the | tom Tavgent 45d. to the Tang 
282 LY lay that Extent on the Line of Sins, fron 
god. if the Second Term be leis than 454. bat if more, from wi 


1 


4 
- 


IV. Tailing by Middle Latitude. 109 
Firſt Term towards the left Hand; and where the Foot refteth, 


I call the Second Term reduced to the Firſt, and is to be counted 
inſtead of the Second Term ; as for Example. 


2 
. ther; By two Operations to find the Difference of Lon- 
itude. 

Put; As the Sine of the Courſe, is to the Dif. 

ference of Latirude fo i the ine of the Courſe, to the Depar- 

os Gum thy Wing, of hoe Togo, Or thus; 


— N. Sum of both Latit. 98d. | 


, 
. 
r 

; 1 


Sr. 24m. Welt; fails South Wetterly, 
| „ — 


108 Sailing by Middle Latitude. Chap. IV. 
1. The Courſe is North 36 deg. 52 min. Weſt, or NW, by 
N. Weſt neareſt ; found by Chapter 4. Section 3. Problem 4. 

of Mercator's Sailing, in Page 96. 

2. To fird the Differ. of Longit. the Proportion is thus: 
AsS.c. Mid. Lat -- T. Courſe :: Differ. Lat. . Diff. Long, 
ASS. 5 Degrees -- T.36d.52m.:: 240 min. 232 min. 
By Gunter's Scale. The Extent from Tangent 45d. to Tan- 

2 gam. will reach from Sine god. to Sine 48d. 3om. 

the Second Term reduced to the Firſt. Then the Extent from 
this laſt (Sine 48d. zom.) to Sine 5rd. (the Firſt Term in the 
aboveſaid Proportion) will reach on the Line of Numbers from 
the Difference of Latitude 240 Minutes, to 232 Minutes, er 
3d. f zm. the Difference of Longitude. 

Or thus; By two Proportions (after the Courſe is found, as 


deore) to find the Difference of Longitude, fay ; 


1. As the Radius, is to the Diſtanee failed ; 0 is the Sine of 
the Courſe, to the Departure from the Meridian ; 


Which briefly: is thus; : 6 
F 
As 8. min. —1 
— i 2 3 Latitude, is to Radius; 
fo is the Departure from the Meridian, to the Difference of Lon. 
gitude. Briefly is thus ; 
As S. c. Mid. Lat.. Radius: : Departure Diff. Long. 
As S. 51 Degrees . S. god. :: 180 Min. 232 Mm. 
Or.it may be found by this Proportion, when the Diſtance is 
even. 

S. c. Mid. Lat. . Diſtance : : 8. Courſe +» Diff. Longit. 
S. 51 Degrees -- 300 Min.:: S. 36d. 52m. 228 as above. 
Then to ſind the Longitude the Ship is in, tis thus; 
Longitude the Ship ſailed from —_ 1d. 35m. Weſt. 
Vit. Longitude 232 Minutes, Or — 3 $20. Wet: 


Longitude the Ship is in omen "14d 27m. Welt, 
Problem 4. Both Latituder, and Departure from the Meridian 
_ given; to find the Courſe, rn Ne gn and Ference of Lan- 

Zituge. 


A Ship in Latitude 5 od. rom. North, and Lon- 
*till the Depar- 
20m. North ; 


tune be 789 Minutes, and ſhe be in Lat. 


Sailing by Middle Latitude. 10 


„eck. NV. 


| Said from 5od. 10m. North od. 10m. 
0 L atitude W 
Defference of Latitude rod. gom. Sum of both Lat. bg zom- 
. 
1 6 64 AS. 
A Which ſubtract from — god. com. 
, ie Remainder is Comp. of the Middle Latitude — 4d . 
* 1. The Coutſe is 8. n Chapter 4 Seftior 
* 2. Diſtance 1022. Minutes. 3 Praln 5, of Mer- 
ir Mcator's Sailing, in Page 97. 
„ 2 To find the Difference of Longitude, the Proportion #; 


* Mid. Lat. -- T. Courſe:: Diff. Lat. Diff. Long. 
ks S. 45d. 18m. T. 50d. 3om:: 650 Min. 1112 Min. 


For the Extent from Tangent 45d. to the Tangent 50d. 30m. 
nid (on the Line of Sines) from 45d. r5m. reacheth to Sine 
25d. com the Second Term reduced to the Firſt. Then the 
xtent from this laſt (Sine 35d. 22 to S. god. (inſtead of Sine 
ted. 1 5m. the Firſt Term in the above Proportion, always 
hen the Courſe is more than 4 fd. and that) laid on the Line 

f Numbers, from Diff. Lat. 650 Minutes, will reach to 1112 
. Wlinutes, the Difference of Lopgitude required. 


is W Or thus; the D'$:rence of Lodkjtude may be found without - 
finding the Courſe, faying ; 

As the Sine Complement of the Middle Latitude, is to the 

Ladius: fo is the Departure from the Meridian, to the Difference 

pf Longitude. That is, 

is S. c. Mid. Lat. Radiuus : : Departure -- Differ. Longit. 

is 8. 450. 15m. . S. god. :: 780 Min. -- 1 1am. as before. 
the Longitude the Ship is in, may be found, as in 

Problem 5. of Mercator's Sailing, in Page 97, that being the 

me Queſtion with this, 


And in like manner all the remain: ng Quettions i in Mercator, 
nay be wrought by the Sine Complement of the Middle Latitude, 
which J leave to the Learner's Practice. And thus much r 
fie for the Second Kind of Sailing, or Second Part of Na W. 
don, and the Application of Pin Irigomeiry. 5 . * 
d ? Woncmetry is next, „ = 


on 
: * - 4d 


110 Spberic Geometry. Chap. V. 


˖ 

F 

Bre 

ee eee, ee 5 
to meaſure any of its Parts: In Order thereunto I have contrived 

the following Problems, which I call Spheric Geometry. | 


| . 


* 2 is a round Body, made by the moving 
of © Semi-circle about its own Diameter, till the Motion end 


* 
3. The, Projeftion of the 


: Mi 
8 
1 | 
—_ 
= or Gnomonic. 
"Nj 
| , 
0 
ö ? . . 
. 


— ant, 


i enn e, with mpeg to 
i in the Sphere's Superficies, perpendicular to 


oops 
effion of the is drawing the Super, 


Sphere, 
it, with — 


Sect. I. "Cot ls. 113 
Example. An Angle ERF whoſe Angular 
Toy - Ke pa. to be made ? 


Fig. 7. 
1. 1. Deſcride the primitive Circle BODE, as before krected. 
22. Lay a Scale on A (the primitive — — and cut - 
the primitive Circle in B, and D. 
3. With the Secant of the given Angle” 34d. zom. as 
Foot in B, deſcribe an Arch Y. 
4. With the ſame, and Foot on D, croſs the former. Arch 
. in Y ; the Center of the Oblique Circle BFD, which will con- 
clude the Angle EBF equal to EDF, required to be made. 
| Note; When the given Angle is Obtuie, take its Supplement 
to 180 Degrees, and with the Remainder make the Angle as 
2 dtd, ad lis done. 


Problem 3. To draw a great Circle throagh any given Punt, o 
that it ball make at the Primitive Circle any given Angle. 
The Rule. 1. With the Tangent of the given Angle, and one 

Foot on the Center of the Primitive Circle, make an Arch. 

2. With the Secant of the fame, and one Foot in the given 

Punct, cut the forwer Arch. which Point of Intertection, is 

the Center of the Circle required to be Grawn. - 7 


Example. Plate 3. Fig. 7. 
== cis 


—_— 21 

| eee 

an * ; 
2. Then with the Secant of the fame, and one Foot in F. 

cut % and F. bY, * 'D, Oblique Circle BED, 

required to be ; and if B, and D, are 

lite, tis done true, otherwiſe not. n = 

| Problem 4, Ti. « Cre Cre, e, op ml Pap 

given; either both within the Primitive Circle, 6 

and the. ather without. - > 
- The Rule. 1. Draw a Line from the Prievitive Circle's Cit IF — 

e 

2 W EEG 1 r 4.5 


Po. 
1 
* 


3 Geometry. 


n+ Containing the Der Sph Aker. 


os . T how to make a Spheric 
to meaſure any of its Parts: 1 —— 


ä which I call Spheric Geometry. 


dune L. Spheric Geometry elaned by bubu, and 


| | Defnition 1.GP beric Geometry, is that by which the Circles of 
F les of 
_- the Sphere are deſcribed, drawn, projected 
N a N oy 
$ 2. A Sphere or is a round made moving 
of a Semi- circle about 22 "lhe Motion end 
. 

3 Projettion of the Sphere, aber Arthographic, 
Stereographic, or — s 


> projection maker Uſe ly of « Line 


Emes. 
„ ſheweth how to deſcribe the Sphere's Super- 
which curerh i in the middle, with relpeſ2 to 


and of 


5 o Lees Giles, which cut rao 
8 


47 
* 


Sec. I. * Spberic "<a 113 


| Example. An Angle EBF equal to 34%. zom. (whoſe Angular 
| r is regaired to be made ? 


„ the primitive Citcle BCDE, as before directed. 


4 Lay a Scale on A (the primitive Circle's Center) and cut + 


te primitive Circle in B, and D. 

3. Wich the Secant of the given Angle” 344. zom. a 
Foot in B, deſcribe an Arch Y. 
4. With the ſame, and Foot on D, croſs the former. Arch 
Y, in Y ; the Center of the Oblique Circle BF D, which will con- 
clude the Angle EBF equal to EDP, required to de made. 


Note; When che given Angle is Obtuie, take its Supplement 


to 180 Degrees, and with the Remainder make the Angle as 
above directed, and lis done. 


Problem 3. To draw @ great Circle throngb am given Punt, / 
that it ball make at the Primitive Circle any given Angle. 


The Rule. 1. With the Tangent of the given Angle, and one 


„ Cunice of the inks Circle, make an Arch. 
2. With the Secant of the ſame, and one Foot in the given 


Punct, cut the former Arch, which Point of Interſection, is 


the Center of the Circle required to be drawn. - 
Example. Plate 3. Fig. 7. 
BCDE — Primitive — | 
A the Center thereof dien 4 
3 „ 
Through F, to draw an Oblique 
Angle at the Primitive Circle, equal 
Note; — 


E 


from the Center of 


—— 
zom. is required? 


the Primitive Bal” that —ͤ— Center, and the : 


Secant (of the ſame) from the given Punct, may interſect, n 


each other; otherwiſe tis 


I. Wich the Tangent of 396. om. nd one Foot in A. . 


2. Then with the Secant of the ſame, and one Foot in Pp, 


cut the Arch V, in V, Ne 
required to be drawn; and if B, and _ RY 9 
lite, tis done true, otherwiſe nat. 

Problem 4, To draw a Great Circle, through any res Purdy” 
given; either both within the Primitive Circle; ar one brews. 
and the. ther without. 
- The Rule. 1. Deaw a Line from the Primitive Circle*s Cl 


Ae one(alyays the emol) of the — 


mitive * and — 1 2 


4 N 6 . be 8 1 
* .. ' I 
(oy * + 
* 


2 


N 


2. 


a 


14 | Sphetic Geomethy. Chap. V. 
2. From the faid punct, draw another Line to a punct in the 
Piimitive Circle, that is god. diſtance from the firſt Line. 
3+ On the laſt Line, and at the Punct in the Primitive Circle, 
ereCt a Perpendicular, to cut the firſt Line in the third Punct. 
4. Though the two given Puncts, and this laſt third Point, 
draw (by Chapter 1. Set 2. Problem 7. of Praffical Geometry, 
in Page 15) an Arch of a Circle, and tis done. 


Eximple. Plate 3. Fig. 9. 
— — 
A the Center thereof. 
Fand G, 8 

' Through F and G =D Circle? 
1. Thro' A and F, draw the Right Circle BFA, to cut the 
| Primitive Circle in B and D, and continue it further at Pleaſure. 
0 the Chord of god. on the Primitive Circle from B, 
TOY „to Cor E, and draw the Line FC or FE. 
i At C ereet CH perpendicular to CF, or at E erect EH per. 
1 to cut the Diameter By AD in H, the third 


4. Through F, G, and H, draw a Circle IFG KH, which will 
eut the Primitive Circle in 1 and K, — GIEnn, 190 
"Us done. 


Problem 5. To draw a Great Circle perpendicular to, or at 
Right Angles with a grom Great Cirele. 


| A Cera! Rule. Draw a Great Circle through the Pole, or 
r 
makes a Right Angle with 

Note, In this — Caf. 


Problem 5. Caſe t. To draw @ Great Circle perpendicular ts 
the Primitive Circle. 


” The Rule, This is done by drawing a Diameter thro* the 


Cubter of the Primitive Cucle ; for the Center of the Pymitive 
4 3 all Right Lines drawn through the Center, 
are pe Circles to the Primitive Circle. | 
Example. Plate 3. Fig. 7. 
= | BODE the Pe Circle, and A its Centr given; Te ding 
. 2 Circle perpendicular to it, is | 
| LO A draw the Right Circle BAD, and tis perpendi- 
cular to the Prins Cicle BCDE, 4s wat require 8 


Problem 5. Caſe I draw . 
4 +. dEr | 

The Rule. This is done by drawing 111414 
Angles to the given Right Lr Primitive 


Circle (by Chapter 1, Seftion 2. Problem $. of Practical 
dg. u Pug 15.) with — " — 


1 draw a Right Gase peta o he Right cer, 


AD, is required ? 
Draw the Diameter CAE to BAD, or from 


the Chords lay god. = the Himdive Cocke fam "we 


D, to C and E, which are its two Poles, and through | 
and E. draw a Diameter, ad "is done. * 


, 
| The Rule. 1. Find the two Poles of the given Right Circle, 
by Problem 1. Caſe 2. of Spheric Geometry, in page 111. 
3—WWGGGGGGGGGG and "tis 


done. 
BCDE the Primitive Circ 
BAD is a Right Circle — ne 
To draw an Oblique Circle, pergendicular to. the Right 


Circle BAD, is ? | 
1. Take the Chord of god. and lay it from B, or D, both 
the Right Circle 


ways to C and E, which are the two Poles of 
BAD. 


2. With n ad ow Fo en © ms ©, how 
8 other in X, the Center of the Oblique Circle 
CGE, required to be drawn. 

Vote, If AG be known, or limited to 
then *tis done by —— 
G, and E. 
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Problem 5: Caſe 4. To draw an Oblique Circle, perpendicular 
to a given Oblique Circle. 
The Rite. r. Find the two Poles of the given Oblique Circle, 
by Prob. 1. Cafe 3. of Spheric Geometry, in pages 111, and 112. 
2. Through thoſe Poles draw a great Circle, which will cut 
the Oblique Circle at Right Angles, and the Primitive Circle 
diamet: ically oppoſite, and *tis done. | 
—__— — Plate 3. Fig. 10. 
B e Primitive A 
BFD an Oblique © Circle, and 3 U Fus Center given ; 
To draw another Obtique Circle perpendicular to the Oblique 
Circle BFD, is required? | 
1. Find G, the Intcricr, and Exterior Pole of the given 
Oblique Circle;BFD, by Problem 1. Cafe 3- of Spheric Gemmetry, 
in pages 111 and 112. "i 
2. Through G, draw the Circle HIGK, to cut the Primitive 
in H and K, and 'the Ov vlique Circle BED in I, (ſo that HAK 
is in a Diameter and 'tis done; for then the Angle BIH is a 
Right Angle, and the Oblique Circles BIF D, and HIGK, are 
per] endicular to one another. 
Note; 1. If the Punt I (on the given Ohlique Circle) is 
given; then draw a Circle through I, (and the Interior Pole G, 
(by Problem 4. of Spheric Geometry, in page 113.) and tis done. 
Or, 2. If it it be required, that the faid Oblique Circle ſhall 
make a certain Angle at the Primitive Circle, then draw a Cir- 
cle through the ſaid Pole G, by Fu 3. of Spheric Geometry, 


in page 113. 
Problem 6. To lay any Quantity of Degrees on any Great c. 
In this Problem are three Caſes. 


Problem. 6. Caſe 1. To lay any Quantity of Degrees on the Pri. 
mitiue Cirele. 


The Rule. 2 by, or from the Scale of Chords, 


xample. Plate 3. Pig. 8. 

BE the Primitive Circle, A it's Center given ; 

To lay 40d. zom. on the Primitive Circle from Bis required ? 
From the Scale of Chords, take god. 3om. and lay it on the 
Primitive Circle from B to C and it's done. 


Problem 6. Caſe 2. To lay any Quantity of Degrees * 
Night Circle. 


| The Rab. Id done from the Scale of Half Tangents, 
1 * 
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Example. Plate Fig. 11. 
BC DE. the Primitive Circle, ul A ns Center , 
BAD is a Right Circle ; OY 
On the Right Circle BAD, from A, to lay 40d. zom. cr ſrom 
B, to lay 49d. zom. is required ? | 
From the Half Tangents, take 40d. zom, and lay it on the 
Right Circle BAD, from A to I; or 49d. zom. the contrary Way 
of the Half Tangents, laid from B to l, and *tis done, For A 
: and JB together are equal to go Degrees 


| Problem 6. Caſe 3. To lay any Puantity of Degrees on an 
Oblique Circle. 
De Rule. 1. Find the Poles of the given Oblique Circle, by 
Problem x. Caſe 3. of Spberic Geometry, in pages 11 t and 112, 
2. Lay the given Quantity of Degrees on the Primitive Circle, 
by Caſe 1. of this Problem. 
|  3- Reduce it from the Primitive Circle to the given Oblique | 
Circle, by Example, Fla of its Poles. and 12 | 
Plate 3. 5 If. | 
Bc the Primitive 
On the Oblique Circle BFD (fromB) to lay id. 30m. is 
requir 
1. By A and V, draw the Diameter CAE, and find G the 
Pole of the Oblique Circle, by Prob. 1. Caſe 3. in page 111. 
2. From the Scale of Chords, take 51d. Dm. and lay it on 
the Primitive Circle, from B to H. 
3. Lay a Scale on G and NH, to cut the Oblique Circle BFD 
in I, then is B/ (on the Oblique Circle) equal to $536. 20s 
a was required. | 
Problem 7. Fe amore ang Pare of © Great Circle. 
In this Problem are three Caſes, —— — 
of theſe in the laſt Problem. 


Problem 7. Caſe 1. To meaſure any Part of the Primitive Circle. 
The Rule. Take the Part required to be meaſured, and ly it 

on the Scale of Chords, and it ſheweth how much it is. 

Example. Plate 4. Fig. 8. 

BCDE the Primitive Circle, and A its Center given; 
To meaſure BC, a Part of the Primitive Circle, is required? 
Take the Extent BC in the Compaſſes, . — the 

— on ew how many De th meaſure. 

H 3 — Problem 


2 ”, * 
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Problem 7. Caſe 2. To meaſure any Part of a Rig*t Circle. 


The Rule. x. If the Part to be meaſured lieth next the Center 
of the Primitive Circle, then 'tis meaſured on the Scale of Half- 
Tangents, from the Braſs Center Pinat the thereof. 

2. When the Part ts be metered Herd neat se 
Circle, then tis meaſured on the Scale of Half. T | 
god. counting 80d. to be 10d. +44 Se. 


BCDE the Primitive Circle, and A 4 
BAD « Rigke Cock — les, =o 


To meaſure 4/, or BI, on the Right Circle BAD, is required ? 
I. Take 41, and lay it on the Scale of Half-Tangents from 
the Braſs Center Pin (at the beginning of ir) which will ſhew | 
how mar.y Degrees it is. Or, | 
= Tale B/ and lay it on the Scale of Half-Tangents from 
ak, backwards, counting $2d. to be 10. and 70. to be 20, 
Sc. which will ſhew how many Degrees B/ is. And, | 
| ihe, Tice 27 end BL ol wile waters jo Juſt 90d. they | 
being Complements to each other. : 


Problem 7. | Cale — Part of an Obligus Circh, | 


The Rule. 1. Find the Poles of the given Oblique Circle, 
Problem 1. C c 3. of Spheric Geometry, od 


2. Lay a Scale on either of the faid Poles, and the Part de- 
fired to he meaſured, and reduce it to the Primitive Circle. 
3. Being thus reduced to the Primitive Circle, tis meaſured 
on the Seals of Chandh, 2: beſece in (he 1. of this Problem. 


Example. Plate 3} Fig. 11. 


To meaſure BI, and FI, on the Oblique Circle BIFDis required | 


4- Find G the Pole of the Oblique Circle BIFD, by Prob. 1. 


cat 3. of Spheric Geomerry, in pages 111 and 112. 
2. Lay a Scale on G and J, 9 
yy 


we = 0 | a 5 4 1 
. : 


3. Then ER tend os he a of end, is the Mea- 
fre of FL; and BU on the fume Scale of Chords the Meature 
| of 


1 Problem 8. To meaſtre any Spheric Angle. 

. In this Problem are four Cafe; and this is 

| A General Rule. A Spheric Angle is meaſured by the Arch 
* 7 | of a great Cucle, intercepted between the two containing Sides, 
\ 7 | the Angular Punct being the Pole of that Circle. Or the Dif- 


f tance of the Poles of the containing Sides, is to the Mea- 
ſure of the contained Angle. — 


I Problem 8. Caſe 1. T1 meaſure on Angle, when its Angular Po 
1 8 #s the Center of the Primitive Circle. 


V. Rule, Such an Angle is meaſured (like a Plain Angle) en 
the primitive Circle, by a Scale of Chords 


Example. Plate 3. Fig. 8. 

BCDE the primitive Circle, A its Center, and the Angular 
Punct given ; to meaſure the Angle BAC is required? 
Take 2 it on the 3cale of Ghowdh, ſhews the 
Angle BAC, how much it is. 


Problem B. Oaſe 2. To mefure an Angle, = when its Honky | 

| Punt? is at the Primitive C 

The Rule. 1. Fad the Poles of he ws contilning fide, by 
Problem 1. of Spheric Geometry, in Pages 111 and 112. 

2. The Diſtance of thoſe two Poles, is the Meaſure of the 


bed Anais, 
Note 1. When the two Poles are in one Diameter, or Right 
Circle, tis meaſured on the Scale of Half Tangents. 

Y 2. When they are not in one Diameter, . 
1 Circle, by laying a Scale on the 
312 * which Diſtance being meaiure d, on the 
Scale of Chords, is the Meaſure of the required Angle 


Example. Plate 3. Fg. 8. 
| BGFD an Oblique þ Circle, and Ru Gem given, 


To meaſure the Ange EDF, equal to the Angle EBF 5 required. 
t. Through A and V, e 
Circle in H and I, and the Oblique Circle in G. 
2. In the Diameter a 
Circle BGFD. | H 4 


3. 


much the Angle DFE, or BFE, is; ene Acute, the other 
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3. The Diftance AK, or GI, axtioed on Ge Batdis tha 
Tangente, (the latter the contrary Way on that Scale from god.) 
ſheweth how much the Angle EDF, or EBF is. 

Problem 8. Caſe 3. To meaſure an Angle when its Angular 
Pun is not in the Center ½, nor at the Primitive Circle. 
The Nule is this: 1. Find the two Poles of the two contaig- 

ing Sides, by Problem x. in pages 11x and 112. 

2. Reduce thoſe two Poles to the Primitive Circle, then mea- 
ſure the Diſtance of them on a Scale of Chords, and *tis done. 


Note, Reduce, is to lay a Scale on the Angular Punct (re- 
quired to be meaſured) and the f:id two Poles, to cut the Primi- 


tive Circle. 
Example. Plate 3. Fig. 8. 
BCDE the Primit: Te 


BGF Da Ou, Lone. 6 5 in Center * — 92 — 
_ CAFE @ Right | 
10 meaſure the Angle DFE, or BFE 5 required ? 


0 cuts the Oblique in F. yh 


brough A and , draw the Diameter IAH, and in it 
find K the Interior Pole of the Oblique Circle BGFD, *as before 


in the laſt Caſe. 


2. Find L the Pole of the Right Circle CAFE, by Problem 


1. Caſe 2. of Spheric Geometry, in page 111. 


3- Reduce K to the Primitive Circle (by laving a Scale on 
F and K, to cut the Primitive Circle) and 'tis M: Then LM 


meaſured on the Chords, ſheweth how _— or 


BFE, is ; one one Acute, and the other Obtuſe. 


Problem 8. Caſe 4. To meaſure an Angle, twhen the containing 


Sides are both Oblique Circles, 


Example. Plate 3- Fig- 12. 
CHE on Oblique Circle, and 1 iss Center giden; 
FD an Oblique Y 
To meaſure the Angle DFE, „l is required? 
1. By A, and Y; and A, and X, draw two Diameters; in 
them find I, and K, the two Interior Pcles of the containing 
Sides, by Problem 1. Coſe 3. of brit G, in pages 111 


and 112. 


2. Reduce thoſe two Poles, I and K, (by laying a Scale on 


the Angular Punct F, and them) to cut the Primitive Circle in 


L and M: which being meaſured on the Chords, ſheweth ha 


o 
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Problem . To draw a Parallel Circle. 

Dini ian. A Parallel Circle or a lefler Circle, cutteth the 
Sphere into two unequal Parts, and Beth parallel to a Great 
Circle, - | 


In this Problem are three Caſes. 


Problem 9. Caſe 1. To draw a Circle parallel to the Primitive 
Circle, at any given Diſtance from it, or from its Fole. 


The Rule. With the Half-Tangent of its Diſtance from the 
Pole, and one Foot on the Center of the Primitive Circle, dra 
« Circle, and "tis done. 


Example. Faw Fig. 7. 
BCDE the Primitive Circle, A its Center given; to draw a 


Circle parrallel to BCDE, at 3od. diſtance from it, is required? 


With the Half Tangent of 604 (the Complement of god. 
and) its Diſtance from the Pole of the Primitive Circle, (et one 
Foot in A (the Center, and Pole of the Primitive Circle) and 
deſcribe the Circle Inn, which is parallel, as required ? 


Problem 9. Caſe 2. To draw 4 Circle parallel to a Right Circle, 


The Rule. 1. From the Chords lay the Parallels Diſtance 
from the Right Circle, or the Complement thereof, from one 
of the Poles of the Right Circle, both Ways, and note thoie 
two Marks on the Primitive Circle. 

2. With the Tangent of the parallel's Diſtance from the Pole 
of the Right Circle, and one Foot on each of thoſe two Marks, 
deſcribe Arches to cut each other, in the Center of the paralle 


| Circle require to be drawn. 


Example. Plate 3. Fe. 8 
BCE the Primitive Circle, and A its l 
BAD is a Right Circle — siven; 


To draw a Circle parallel to BAD, at zo. diſtance from it, or 
god. Diſtance from C, its Pole, is required ? 
t. Lay god. from B to p, and from Dtog; or lay its Com- 


plement god. from C, one of the Poles of the Right Circle, 
both Ways to the ſaid p and g. 


With the Tangent of 50d. and one Foot on N duale 


the Arch y; which Point of Interſection at y, . Center of 
the parallel Circle p r g, required to be drawn. 


2 
[1 


of 


722 FIpheric Cumeivy. — 
Problem g. Cafe 3. gte gr!» Oi 


Die Rule. 1. Find the Interior Pole of the given Oblique 
Circle, by Problem 1. Caſe 3. in Pages 111 and 102, which re- 
duce to the Primitive Circle, and therefrom lay the Parallels Dif. 
ance from the Pole both Ways, which being reduced to the 


TIO OTAT 27S 


+ Thus much for Problims neceſſary k 
nu ing Spheric W. ; Which! 


Pnnſeli with, and | then the following Any 
deen 3 5 


Spheric Triangle, and meaſuring its *Parts r ar the. 
of Syheric n "tn "pI, 


© Definition x. here & Gia. 3s 2 wund Body made by 
. Abg. e 
meter, till the —4 end where it firſt 3 
Circle's Diameter is the Axis, or Diameter z if 
. the middle of wkich is a Pur, — bom whence 
all Right Linds drawn to the Bufae, of Ovid of the | 
Se e 
WL Spheric Triangle, is Ccfctibed cn the Surface of 
W 


- 


oMars 
D. Bovth. 


ZI @ Venus 


de Moon 


. EG | dns. Od mY cas t*t HMoam 


| The SOLAR SYST EM with the Orbits of 5 remartadle COMETS. 


, this Stheme the Orbits of the Planets are dren according w their mean dctances from the Jem. 
f 
Saturn 


Jupiter | 


quatually interſeQting each other ; and is either Quadrantal, 


TO one Side 2 
3. JA evan dd Ange | 
a7 7 - C no Side a Quadrant, 
w 54 Spheric Triangle, each Side is leſs than a Se- 
micircle, or 180 | 


Sum of any two Sides is greater than the Third Side. 
The three Sides added together, their Sum is leſs than 


* N Nate, To make a Rectangle Spheric Triangle, two Things 


| (belides the Rettangle) muſt be given. | 
_ Example. Plate 4. Fig. 1. 


This 13-5 - wen 2 


7 


ig, If at the Center of the Primitive Circle, then 
. Draw (by Problem g. Caſe f. of Spheric Geometry) 2 
Circle parallel to the Primitive, at 54d. 25m. (the given Hy- 
potenuſe) Diſtance from its Pole; that is, with the Half Tan- 
gent of 54d. agm. and one Foot on A (the Center of the Pri- 
2. Then (by the 2d 
parallel to a Ri 
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Se 
a great Circle perpendicular, or at Right Angles to AB, which 
is this Cy will be an Oclique Cocke, and "is dane. & * 
Secondly, To make the Triangle, that one of its Oblique * 
Angles may be at the Primitive Circle. | | 
. The Circle being deſcribed, and quartered as before di- t 
2. Draw (by Probem q. of Spheric Geometry ) a Circle paral- by 
7+] toa Right Circle, at 54d. 25m. diſtance from A its Pole. | — 
3. And by the aforeſaid Problem) draw a Circle parallel to 
the primitive Circle, at 23d. zom. diſtance from it, that is, || , 
take 66d. zom. from the Scale of Half-tangents, and with one |} ; 
Foot on the Center draw a Circle, to cut the former Parallel I a 
Circle in C. | | C 


4. Then through A and C draw a Great Circle, which in 
this Ca/e will be an Oblique Circle; and from C (by Prob. 
C2/e x. of Spheric Geometry, in page 114 ) draw a Great Circ 
perpendicular to AB; which in this Caſe will be a Right Circle, 
ard *tis done 3 | 1 


5 


8 


To meaſure the Things required. 
u, Leg Aud meatured $77 Page 117. 
r 3 P 
*** CAngles BAC and ACB by Problem 5 8. page 118,119. 
Problem 1. The Ziypotenuſe and one Angle given; to make a 
TIS oc oo JN I 
| Example, Plate 4. Fig. 2. 0 
1 Hypotenuſe AC g4d. 25m. N . __ 
5 The J Ale BAC — 20a. zem. N siven; 8 
ih chem to make a Rectangular dpheric Triangle, is required ? WY - 
Fr, To make the Triangle, that the given Angle BAC, fl ; 


may be at the Primitive Curcle's Center. | 
1. Having deſcribed the Primitive Circle, and d it, as 
| before directed in Problem 10. make the Angle BAC equal to 
20d. gom. (by Problem 2. Caſe 1. in page 112. of Spheric 
Geometry; ) that is, from the Scale of Chords. lay 29d. 30m. on 
the Primitive Circle, and therefrom draw a Line thiough A, the | 
ry gn a Pods 6 Oh 4 
2. Make AC equal to 549. 25m. (by Fro: % 2. in 
= 8 Spheric Geometry ;) thatis, ſrem the Scale of Half 
Tangents, lay 54d. 28m. frem A to Cc. | 
3. By Problem 5. Caſe 3. in page 115. draw a Circle from G, 
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unto AB, to cut the Right Circle AB in B; 

which in this Caſe is an Oblique Circle, and it's done. 

Secondly, To make the Triangle fo, that the given Angle | 
may be at the Primitive Circle. 

1. After the Primitive Circle is made, and quarter'd as before, 
let A be one of thoſe Marks or Quarters : Then (by Problem 2. 
Caſe 2. in page 112.) make the Angle at A equal to 29d. 30m. 
5 oy omar ceo 
as in the Oblique Circle AC. 

2. Then (by Problem 6. Caſe 3. in page 117.) lay g4d. 
25m. on the Oblique Circle from A to C. Or, draw (by Pre- 
blem g. Caſe 2. in page 121.) a Circle parallel to a Right Circle, 
at 54d. 25m. diſtance from A, its Pole, to cut the Oblique 
Cirele Cin C. 

3. By Problem 5. Caſe 1. in page 114, draw a Circle from 
C, perpendicular to the Primitive Circle AB, to cut AB, * 
which in this Coſe is a Right Circlz, and *tis done. 

2 meaſure the Things required. 
The $ ES AB, and BC S 7.2 page 117. 
* rn is meaſured by Proj} f. Sg 155. 
Problem 12. A Log, and its adjacent Angle given; to make @ 
| . * 1 4 Fig. 3. | 


The rn 298. 3: zem. I inen; 
With them to make a Rectangle Spheric Triangle is required? . 
Fir, To make the Triangle, e (BAC) 
may be at the Primitive Circle's Center. 
1. The Primitive Circle being deſcribed, and 


before, and A placed at its Center ; then (by Problem 2. Caſe 1, 
in page 112. of Spheric Geometry ) make the Angle BAC __ 
to 29d. 3om. by drawing the Right Circle AC. 
oblem 6. 


2. 
5od, 
zom. 


By Pr 


2. 3228222 make AB equal to 
zom. 
"on t 


F 7 
3 from B, an 
to the Right Circle AB, to cut 
pager Or thus, 

take 396. zom. (the Complement | 

Foot in Ln 
extended) the of the Oblique 
Secondly, T _ r 
cond 0 make the —_—_ * dat the 1 Ang 


* 


Hl 
Fits 


Problen. 


1. 4 


1 TY 8 
( 
ane ee ths Th * | 
The 3 ECB ö meaſured by Problem | f. f 
in pages 118 and 120. 3 ' 
| Problem 13. 4 Leg, and its oppoſite Angle given; ts male « 
5 | Triangle. | 
| 
t 
( 
a 
2. Draw by 
Circle, parallel | 
from it, to cut 
| From C 
Oblique Circle 
cut ABinB; ( 
Secondly, 
de at the Pri i 8 bY 
4.5. the Primitive Cacke, (by Prob % Cab 9. | 
$12. 3 = 
He the Oblique | . Conn | 


S 
P 


I. in page 121. draw a Parallel Circle, 


f 


5 Q 1. in page 214.) drawa Rig 


R W Fa 
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Circle RC, perpertdicular to the Primitive Circle 43, to cut 
AB in B, and tis done. | 

. F Hypot. AC, and Leg 48S .. 72 
. i meafured by Problem? þ; & 
in Pages 117, 118 and 119. 


Problem 14. Both Legs given, t6 make a Spheric Triangle. 


even; 
Firf, To make the Triangle, that one of Os bs 


ges may be at the Primitive Circle's Center 
R; 


t A, being at a Center of the Primitive Circſe, draw the 
t Circle 


2. From B 


extended) the Center of the Oblique Circle Bc. 


AB, at 23d. zom diftance 
Odli wele BC in C. Or thus, : 
6. Coſts in Page 117. lay 23d. zom. on the 


Pri * 
Caſe 1. Page 116. make AB equal to 5od. 
e Chord therefore on the Primitive Circle, 


: EE 
pI. 


and AC. 


x. Abeing on, or 9 


+ | 
from 


in pages 118 and 120. | 
Problem 13. A Leg, and its re, A to make a 


ITY 
Spheric 4 749% is required ? 


LDL: 


Firſt, To make the Triangle, with the given Angle at the 


Primitive Circle Center. 


1. The Primitive Circle drawn, Cc. as before, and A at its 
Center, (by Problem 2. Caſe 1. in page 112.) make the Angle | | 


| BAC equal to 29d. zom. by drawing two Right Circles AB, 


2. Draw by Problem . Caſe 2. in page 121. (a Parallel 


Circle, parallel to the Right Circle AB, ut 23d, zom. diſtance 


__— n 
n 1 
obe b 


AB to 
cut ABin B; and 'tis done. 


: Fo mate the Triangle, that the given Angle 
he at the Frimiive Crete. oy 


1. A, being at the 
make the BAC draw- 
gy ane AG, with ie Bc: — on 


11 


a 
e. gr 


Primitive Circle, (by Prob. 2. Caſe 2. in 
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in Pages 817, 118 and 119. 


V. 

127 
Circle AC, rden ie de Primitive Circle 4B, to cut 

AB in B, and r 

he To meaſure the Things required. 
it Hypot. AC, AB 
. 1 eee 
— 


— Both Legs given, to make a Spheric Triangle. 


Wu them to make a Speric Triangle is required ? 
© | Firf, To make the Triangle, that one of the Oblique An- 
g'es may be at the Ptimitive Circle's Center. 
t A, being at a Center of the Primitive Circle, draw the 
S and thereon (by Problem 6. Cafe 2. in Page 
116.) make — gw ha angent 
thereof from A to 1 
| > From B (by Problem 3. Caſe 3. in Page 115.) draw an 
3 Or thus, 
With the Secant of — * of god. 30m.) 
err 
Circle AB extended) the Center of the Oblique Circle BC. 
3. Draw (by Problem g. Caſe 2. in Page 121.) a Parallel 
Circle, parallel to the Right AB, at 23d. 3om diſtance 
i 5 Wine OO. | 


R 


a — vas &*& 


Caſe 1. Page 116. make AB equal to 5 od. 
Chord therefore on the Primitive Cache, 


5. Caſe r. in Page 114.) draw a 
the Primitive Circle, (which in 


i ww Ke 


9 % - 0 & © 
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4. Through A and C, draw a great Circle; which in this 
Cao is an Oblique Circle, and tis done. 


To meaſure the Things required. 


Angle BAC, 50 AC — ly Puke) ©} 


in pages 117, 118, and 119. 


problem 15. Both the Angles given; to make a Spheri: Triangh. 
Example. Plate 4. Fig. 8. 
BAC 29d. 30m. 
The Angle SACB 770 71d. 56m. given; | 
with them to make a Res -tangle Spheric Triangle, is requir'd ? 
1. By Problem 2. Caſe 2. in page 112, make the Angle 


BAC equal to 29d 3om. by drawing the Oblique Circle AB, | 


with the Secant thereof. 


2. Find I, the Pole of the Obligue Circle AB, by Problem 


x. Caſe 3. in pages 111 and 112. 


3. Through I (by Problem 3. in page 213.) draw an Obtique 


_ Circle IBC, that the Angle ACB may be 71d. 56m which 


will cut the Oblique Circle AB, in B the Rectangle, and the | 


Primitive Circle in C, and fo conclude the Rectangle Spheric 
* eU ABC, required to be made. 
Fo meaſure the required. 

The Hypotenuſe AC, and Legs AB, and BC, are meaſured 
by Problem 7. of Spheric Geometry, in pages 117 and 118. 

Thus, all the Caſes of Rectangle Spheric Triangles may be 
deſcribed, and reſolved by the laſt Six Problems. 28 
ner, the Caſes of Oblique Spheric Triangles may be Geometri- 
cally folved by the Six following, 


Problem 16. Two Sides, and an Angle W 
make an Oblique Spheric Triangle. 


Note ; To make an Oblique Spheric Triangle, three Things || 


muſt be given. 

Nate alſo, The Angle oppoſite to the other given Side cught 
Er Trung —_ otherwiſe two 
ſeveral Triangles may om the given * 
| Example. Plate 4. Peg. 7 


Ven ; 


— ol ACD 
1. On 


may be Obtuſe) is required? 
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1. On the Primitive Circle, make AD (the given Side join- 
the 


ice —— 
otgh A and C, draw a great Circle, and *tis dense. 
To mea ſurt the Things riquired, 


ö ; ic Triangle. 
Example. 4+ N. 8. 
a | 3 
N The) Angle ADC 27d. 20m. > gi 
3 With them to make an Oblique Spheric Triangle; fo that the 


) | problem 38. Two Sides, and ane Angle between them given ; (3 


Example. Plate 4. 1 9. 
Side —— AC 34d. oom. 
The) Site — AD 65d. zan here, 
Angle CAD 3od. 46m. 

With them to make an Obligue Spheric Triangle is required ? 

1. By Problem 2. Caſe 2. in page 112. make the Angle CAD 
equal to 30d. 46m. by drawing the Oblique Circle AD with the 
Secant thereof. 

2. Make AC (on the Primitive Circle) equal to 34d. obm. and 
AD (on the Obiique Circle ) equal to 65d. 20m. by Problem 
6. Caſe t. and 3. in pages 116 and 117. 

3. Through C and D, draw a great Circle. and tis done. 
To meafure the Things required, 
Side CD 


in Pages 118 and 119. 


= Problem 19. Tivo Angles, and one Side between hens given 3 16 
| made an Oblique Spheric Triangle. 

Example. Plate 4. Fig. 10. 

{ Angle ACD 131d. 34m. 

The Angle ADC 27d. 4 yom. 8 | 
| Le —CD 4 28m, 

With them to make an Oblique Sheri Triangle is required ? 
| 1. On the Primitive Circle, make CD equal to 38d. 28m. the 
| given Side, by Problem 6. Cafe x. in page 116. 2 
2. At D (by Prob. 2. Caſe 2. in pages 112 and 213) make 


the Angle ADC equal to 27d. zom. by drawing the Oblique 
Circce DA; and at C, nate the Zegks ACD equal to 131d, 


Zam. by drawing the Oblique Circle AC, and *tis done. 
Things required. 


To meaſure the 
is meaſured by ett} in 


Side AC, and AD 
Angle CAD —— 
Pages 118 and 119. 


f. 2 20m. 


(the greater given Side) by Prob. 6. Caſe 1. in page 116. 

2. Draw (by Prob. g. Caſt 2. in page 121.) 4 
at 34d · o8m. diſtance from 
26m. diſtance from P, to cut each other in C. 
4 
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2 Angles ACD, and Te Cs meafured by Problem: 5 


Circle, 
A; and likewiſe another at 38d. 
3˙ 
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n and alſo D and Circles, 
| > os 1 
| To meafure the Things required. 
Find (by Problem 2, in pages 113 and 1 12.) the Poles of 
three Sides of the Tri the Pole of 


and G, , draw aypeatCicl of which the ang 
Pole, and you will form the Triangle EFG. 
| the Triangle 


I 
the 


Ste of On latter, only the greater Angle in the one, i 


equal to the Supplement (of the greater Side in the other) tos 
| Sembcincls. | 


the Side EF is equal to the Angle CAD, the Side 
EG is equal to the Angle ADC, and the Side FG is equal to 
the Supplement to 180d. of the 

4. The Sides EF, EG, and FG, are meaſured by Problem 
7, in pages 117 and 118. 


With them to make an Oblique $ 
8. a Tri EFG, r 
| the Triangle ADC ; that is, the Side EF equal to 

48d. 26m. the to 180d, of the Angle CAD equal 

to 131d. 34m. and the Side EG equal to the Angle ACD od. 
45m. and the Side FG equal to the Angle ADC 27d. zom. 

2. Then, make the Triangle EFG of the Sides EF, EG and 
FG, as before in the laſt Problem. 

3. Find (by Problem r.) the Poles of the three Sides of the 
Triangle EFG; that is, A the Pole of EF, C the Pole of EG, 
2nd D the Pole of FG. 

4- Through C and D, draw a great Circle, of whith the 
angular Point G is its Pele, which will form- the Triangle 
ACD required to be made. 8 | 

To meaſure the Things required. 

The Sides AC, AD, and CD, are meaſured by Problem y. 

in pages 217 and 1218. 

Thus much I thought neceffary as preparative fo Spheric 

Wer r 

* 


— — — — — 


132 


Afedtions of Spheric Trianglin. 
how to make, and meaſure a Spheric Triangle, or any of its 


| Parts ; a Thing not taught by many, nor well underſtood by 


more, who pretend to be Teachers. 


Seftion II. Of the Affections, or Natural Properties 
of Spheric Triangles. | 
Tee Afedtions are carefully to be minded, in order to the 
underſtanding what may be, and what may not be given, 
or required in a Spheric Tingle; and having already given you 
the teveral Definitions of a Sphere, and the Circles of it, with 
the Kinds of Triangles, which I will not here repeat, I paſs on 


. to the AfeFions of Spheric Triangles, as follow. 
1. Every Side of a Spheric Triangle is an Arch of a Great 


Circle, and is lefs than a Semi-circle. 


2. Every Great Circle divides the 220 into two 
equal Parts or Hemiſpheres. 


3. Any two Great Circles cutting each other, the Angles 
which are oppoſite and contrary, are equal to one another. 


4. The Sum of any two Sides (of a Triangle) is greater than 


the third Side. 


5. . The Sum of the thre S, rg Le. * 
more than 1 Bod. | 


6. Any two Sides added together, their Sum is leſs than the 


Difference betweer: the third Side and 180d. But, 
Any two Angles added together, their Sum is more than the 
Difference between the third Angle and 180d. 


7. In a Rectanglar I riangle, the Legs and their oppoſite 


Angles are of the ſame Afe&#ion ; that is, if a Leg be more, or 


2 its oppoſite Angle is likewiſe more, or leſs 


.% In a Rectangular Triangle, if one Leg be a Quadrant, the 
— if _ 4 


Re or more than god. —_ Dol. 
Kut if one Leg be more 6 the H vo- 


ꝛenuſe is more than god. 
9. If the Hy potenuſe be 4 


10. If 


Chap. v. 


„ Tuben god. one Leg, andits : 
les than gad. the other may, or not. 
2 Angie wil be {more 2 {cb thay god. | 


hos 


oe 


10. If both Angles at the Hypotenuſe are Acute, or Obtuſes 
the Hyponuſe is leſs than a Quadrant ; but if one be Acute, 
and the other Obtuſe, the Hypotenuſe is more than àa Quadrant. . 
11. In every Triangle, greateſt Sides ar: oppoſi:e to greatoſt 

Angles, and equal Sides to equal Angles. 


12. In every Oblique Triangle, two acute d Angles being equal 
| . — 5 than a Quadrant 


13. If two 3 


| to. dhe J fraue Dad, fall be me. © than a Quadrant 
I4 a Ov Gt ace ed Side is leſs then a Quadrant. 


e their Solution followeth; and 


14 firſt of Rectangle 8. Triangles, in which are 16 Caſes; and 
then Obltque-angh, Spheric Triangles, in which are 12 Cafes. | 


Section IV. The Solution of the 16 Caſes of R 
' Triangles, by the Lord Napier's Catholic Projefuine. 


1 . IN Reftanguiar Tnanele, 
| fre Things, dars th Lond Nr. call th 
Five circular Parts of a Spheric Triangle, amongſt which, the 
—_— 3 the two Legs are ſuppoſed to 
tog 


The Sine of a middle Partand Radius, — — propo:- 


2 tional with the Tangent of the Extreams Conjunct ; and, with 


p 6—— : wad Th, — 
3 Fer 
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Geras b Angles are unequal, the Side oppoſite 


eftangdfar Spheric 


— ——— 
—ͤ—ũ— ——2— RR _R——_—_ * 
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| x. For the Extreams Conjunct, thus; 

As the Radius, is to the Tangent of one Extream ; fo is the 
| Tangent of the other, to the Sine of the middle Part. And, 
| 2. For Extreams thus 

As the Radius, is to the Sine Com of one | 
ſo is the Sine Complement of the other, to the Sine of the mid- [ 
dle Part. Therefore, | 

Nete; When the middle Part is to be found, the Radius is 
to the iſt Term in the Propoſition, as above: But if either of 
the Extreams be required, the other Extream muſt be the firſt 
Term. That is, 

3. For Extreams Conſunct, thus; 

As the Tangent of the given Fatream, is to the Radius ; ſo is 
the Sine of the middle Part, to the Tangent of the required Ex- 
tream. And, 

4. For Extreams DizjunCt, thus; 

As the Sine Complement of the given Extream, is to the 
Radius ; fo is the Sine of the Middle Part, to the Sine Comple- 
ment of the required Extream. But, 

Note 1. That if the middle Part, or either of the Extreams 
Conjunct be the Hypotenuſe, or either of the Oblique Angles ; 
inſtead of Sine, and of Tangent, you muſt uſe the Sine Com- 


plement, nd Tangent Complnent, 


| " 4 TABLE 77 | 
Conjunct, a . — 5 


1 Sine AB| 


Sine c. BAC 


; 
| — 


— 


Sine c. AC 


; 
N 


I 


2 

3 

4 ——* 
= þ "= Sine BC 
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2. If either of the Extreams Disjunct be the Hypotenuſe, or 


an. 


either of the Oblique Angles, inſtead of Sine Complement, you 2 


muſt uſe the Sine. 

And for the eafier underſtanding theſe Directions, obſerve the 
foregoing Table, wherein are nd the five Circular Parts of a 
Rectangle Spheric Triangle, under their reſpective Titles, whe. 
ther they be taken for the middle Part, or for Extreams, either. 
Conjunct or Disjunct; And unto thoſe Parts are perfixed, Sine, 
Sine Complement, Tangent, and Tangent Complement ; as they 
ought to be, and are uſed in the Caſes following. | 


| Problem 1. Caſe 1, 2 and 3. — i 


10 ag: : Ce Ang Angle oppo \ to the given Leg. 


Example. Plat 4, Fig. 1. 


e ot 
2 
1 10. 1 
try Geometric, in pages 123 and 124. 
1. For the contained — or Angle adjacent to the 
given Leg, the Proportion is ; 
NI Oi» On err ſo is the 
r eee Comple- 
Or thus, 


required, 
Radius T. Leg BC :: T. c. Hypot AC . S. c. Angle T. 
T.45d. -- T. agd. 3om.:: T. 35d. 35m. .. S. 18d. cm. 
which ſubtract from god. reſts 71d. 54m. for the Angle CB. 
Therefore the Extent (on the Gunter's Scale) from Tangent 
of 45d. to Tangent of 23d. 30m. reacheth from Tangent 3gd. 


zm. to the Tangent 17d. 15m. againſt which, on the Line of 
e i l. os th dn Term in th Propor an ove. 

Note, The p. and given Lx Je >more$ dhe other leſs 
than a Quadrant, or god. the required Angle is ut 


2. For the Angle BAC oppolite to the given Leg, the Pro- 
portion 1s thus; | 1 1 
4 | 


_ 
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.. For the Extreams Conjunct, thus; 

As the Radius, is to the Tangent of one Extream ; fo is the. 
Tangent of the other, to the Sine of the middle Part. And, 
2. For Extreams Disjunct, thus; 

As the Radius, is to the Sine Co of one Extream, 
fo is the Sine Complement of the other, to the Sine of the mid- 

dle Part. Therefore, 

Note; When the middle Part is to be found, the Radius i 
to the xt Term in the Pr | : 


3. nn ona 
As the Tangent of the given Extream, is to the 
the Sine of the middle Part, to the Tangent of the 
tream. And, 

4. For Extreams DizjunCt, thus; 

As the Sine Complement of the given Extream, is to 
| : fo is the Sine of the Middle Part, to the Sine Comple- 
cnt of he marked Bitm. But, 

Note x. That if the middle Part, or either of the Extreams 
Conjunct be the Hypotenuſe, or either of the Oblique Angles ; 
Inſtead of Sine, and of Tangent, you muſt uſe the Sine Com- 
plement, and Tangent Complement, | 


8 4 TABLE of all the Vatieties of Extreams 
| — of IPD. 3 


my 


And for the eafier underſtanding theſe Directions, obſerve the 

Table, wherein are placed the five Circular Parts of a 
Rectangle Spheric Triangle, under their reſpective Titles, whe. 
they be taken for the middle Part, or for Extreame, either 


Problem 1. Caſe 1, 2 and 3. The Hypetennuſe, and one Leg, given; 
70 * F- 


Tele. Plates, Fg. 2. 
In the Rectangle Spheric Triangle ABC, there is given, 


Tha IP 2 54d. 25m. 1403, BAC 7 
BC 23d. zom. and AB — e durred 
This Trians is made by Problem 10. of hei Trigmane- 
„ 2 
1. For contained Angle > or Angle adjacent to the 
given Leg, the Proportion is 
1.2 the Radu, i210 the Tangent of the given Leg; & i the 
angent Complement of the Hypotenuſe, to the Sine 
3 . 


<. Angle ACB. 


_ 1 RC :: þ Roy - 

456. -- . | 

which ſubtract —_— — .— 88 —— _ 
Therefore the Extent the Ganter' Scale) from Tangent 


4 30m. reacheth from Tangent 35d. 
e. to the Tangent 17d. 15m. againſt which, on the Line of 


is 18d. om. the an Term in the Propor an avore. 
Nun, The 255. and given Leg more For. e 
than a Quadrant, or god. the required Angle Ae 


2. For the Angle BAC oppokite to the given Leg, the Pro- 
portion is thus; I + 
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Roy . joe „is to Radius; ſo is the Sine of 
given , to its o Angle. Or thus, 
s. Hypo, AC 1 1 Gn 

2 2222 —— 
Therefore the 242 1 ) from nt ops 25m: 
to Sine of god reacheth from Sine of 23d. 3om. to Sine of 296. 
zom. the fourth Term in the Proportion aboveſaid. 


ni 1 f 


the required Angle e On, 
z. For the Leg AB, the Proportion f thus; 
| the Sine Complement of the given Leg, is to Radius ; fo . 
is the Sine Complement of the Hypotenuſe, to the Sine Com- 
plement of the required Leg. Or thus, 

C © Lag BG - Role: S. c. Hyp. Ac. + el 


. 66d. 30m. -- :S. 3 35d. . 35m. = 8. 39d 35m | 


required 

Therefore the Extent (ate Gunter”s Scale) ei 
66d. zom. to Sine of god. will reach from Sine of 29h 35m? 
to Sine of 39d. 35m. the fourth Term in the Broportion' refaid. 


Nutes The Hypot. and given Leg of 522 


* Caſe 4, 8. and 6. 
e and one Angle given ; | 


To ind 3 + Cue Les 7 th gen Angle 
3: 


Example. 3 Fig. 2. 

der FH AC gd. Lene ab 

ypot. 25 m. 

To find E Angle BAC 30m. Fang! ACB 

This T Triangle is made by Protdem 11. of Spheric 3 
try Geometric, in pages 124 and 125. 

x. For the Leg BC, oppoſite to the given Angle, the Pro- 
portion is thus: 

As Radius, is to the Sine of the Hypotenuſe ; ſo is the Sine of 
Ge given Angle, to- the Sine of it's oppokite Log pies | 


= Ta a wo = 


IV. | Chberic rigonometry 
Radius -- * 
1 228 2 * 
w, 54d. 25m. : 4 zom 
ap. on _ 4 BAC . 8. 137 
Angle 1 13 55 
ds cd 


Leg 
the Ley AB, . 
adjacent to the given Angle, the 
* 


other Obtuſe. 

IG, "is 

is Acute 12 

ee 
the 


Problem 
3- Caſes 
wy 77 8, 
9˙* 4 Ly aut its affect 
Angle given ; 


ior dee 
© This 


1 ſo is the Sine of its adjacent Angle, to the Sing Complement of 
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| This Triangle is made by Problem of Spheric Trigenometry 
Geometric, in — pd 126. * 


1. For the Leg BC oppoſite to the given Angle, the Propor- 


tion is, 

„ oy of the given Angle, is to the 
Radius ; ſo is the Sine tis ahnt Leg, to the Tangent of 
its oppoſite Leg required. Or thus ; 


As the Radius, a 1 ye 1 NOR I 
of its aſjcem Angle, to the Tangent of its oppoſite Leg, 


I AB :: T. Angle BAC -- T. Leg BC. 
8. god. — 8. 30d. Jom. T. 294. zom. T. 23d. 35m. 
Nite ; The given Angle Acute, the required Leg is lefs than 
a Quadrant, but when Obtuſe, then more than a Quadrant. 
c 


tion is 
As e i 10 the Sine Complement of the given Lag 


oppoſite Angle required. That is, 
i: 5 8. Angle BAC- 24 An. 
1 18d. 1m. 


* wi tot —_— 
is Acute, or Obtuſe aceordingly. 
3. For the Hypotenuſe, the Proportion is; 

As the Tangent of the given Leg, is to the Radius; ; ſos the 
Sine 8 its adjacent Angle, to the Tangent Com- 
plement of the required Hypotenuſe. Or thus, 

As the Radius, is to the Sine Complement of the given Angle; 


fois the Tangent C of its adjacent Leg, to the Tan- 
of the Hypotenuſe. That is, 


1 Sc. Angle BAC: : 12 2 A2 
S. god. . S. 60d. -- 30m. :: T. 39d. zom. . 18m. 
whoſe Complement 540. 22m. i the Hypotenule 


Nate ; When each Thing is lefs, or more than god. * 
potenule is leis than a Quadrant; but if one is leſs, and the other 
more, then the Hypotenuſe is more than a Quadrant. 


e 12. 1 — 
To * ih $=jcen 10 te gen Ley» 
Hypotenuſe. 


© 8% 7 


2 7 


given 1 BAC 224 30m 


nh 


w 


Tas 


13 
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4 Example. Plate 4. Fig, 4. | 
In the Rectangle Spheric Triangle ABC, there is, | 

— 2 Leg AB, Angle ACB, and 
- > Hypotenuſe AC 


This Triangle is made by Problem 13, of Spheric Trigono- 
metry Geometric, in page 126. 

1. — Leg AB, adjacent to the given Angle, the Pro- 
portion is this; | 
As Radius, is to the Tangent of the given Leg; fo is the 
Tangent Complement of its oppoſite Angle, to the Sine of the 
other Leg required. That is, | 
Radius .. T. Leg BC: : T. c. Angle BAC . S. Leg AB. 
T. 459. .. T. 23d. 3om: : T. bod. 30Om. . S. god. 20m. 
Note, If the unknown Angle be Acute, or Obtuſe, the re- 


god. the required Leg is lefs than a Quadrant ; but if one is more, 
and the other lefs, tis more than a Quadrant. = 
2. For the Angle ACB adjacent to the given Leg, the Pro- 
portion is this ; | SIT 
As the Sine Complement of the given Leg, is to the Radius; 
ſo is the Sine Complement of its oppoſite Angle, to the Sine of 
its adjacent Angle. That is, 1 
S. c. Leg BC .. Radius: : S. c. Angle BAC · S. Angle ACB. 


& (66. 200 = god.: : S. God. 3om. . S. 71d. 48m. 
Note; It 


the Hypotenuſe and given Angle be each Jeſs, or 
0 N ired is Acute; but when one is 


5 
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Example. Plate 4. Fig. 5. 
ring ingle Spheric Triangle ABC, there is 
AB rod. zom. Angle BAC, or AC B, and 
gun, Log 3 BC 1 — 1 AC required. 
This Triangle is made * Prob. 14. of Spheric Trigonometry 


Geometric, in page 125. 
1. For either of the Angles, the Proportion i 1 

As the Tangent of one Leg, is to Radius; fo is the Sine of 
the other Leg, » 0; Tram: Creams of Bs Angle oppo· 
fre 50 the firſt Leg. Or thus, 

As Radius, is to the Sine of one Leg; ſo is the Tangent 
Complement of the other Leg, to the Tangent Complement of 
the Angle oppoſite to the laſt Leg, That is, 

Radius . S. Leg AB:: T. c. Leg BC. 'F.c. Angle Bac. 
8 god. T. 30d. 30m: T. 56d. 30m. T.60d. 35m. whoſe 
— 25m. is the Angle BAC : Alſo it is, 

ius .. S. Leg BC: : T. c. Leg AB T. c. Angle ACB. 
od 8.2 3d. 30m. : : T. 30d. 3om. . T. 18d. 15m. whoſe 
Con Kent 71d. 45m. is the Angle. ACR . 

Note; If the Leg oppoſite to the required Angle be leß than 
2— the Angle fought is Acute ; but if greater, then tis 


9 For the Hypotenuſe, the proportion is thus; 
ä As Radius, is to the Sine Complement of one Leg ; fo is the 
Tae NR ORE? Sas to the Sine | of 
the Hepotenuſe. That is, 

e - & Lox AB: S. e. Leg BC. Aan 

S. god. .. S. 39d. 3om.: : S. 66d. 3om-- S. 35d. 40m. whoſe 
Complement . 
Note; If both Legs be of one Kind, the Hypotenuſe is lefs 
than a Quadrant; but when of different Kinds (that is one Leg 


Problem 6. Cafe 15 on 16. Beth the Oblique * 
To fond, 1. Either of the Legs? 2. oe — 

Example. Plate 4. Fig. 6. 

Triangle ABC, Right-angled at Ress 

les 29d. zom. (Leg A B, or BC, and ü 
Ang ACK 1d. Sn. I loan AC required ? 

7 

This Triangle is made by Problem 15, of Spheric Trigono- 

metry Geometric, in page 128. | 
4. Fer cer of the Legs the Proportion is thus; 


bo the Re 


as 


Seft. IV. Spheric Trizommetry R:#angular. 14 
As the Sine of one Angle, is to Radius ; ſo the Sine Comple- 
plement of the other Angle, to the Sine Complement of its 


T hat is, 
S. Angle 


: AC.. —_ 4988 42 
8. N 4 S. 18d: om 40d. 45m 

% „ is the Leg AB: Alo it is, 

1155 Radius: A1 - 2 $—y 

S. 71d. S. god. 60d. 30m. m. 

„ * 
—_— If the Angle oppoſite to the required Leg be Awe, 
the Leg ſought is leſs than a Quadrant ; but if Obtule, then us 
ter than a Quadrant. 

* 2. For the Hypotenuſe, the Proportion is thus; 

| * Radius, is to the Tangent Complement of ene Angle ; 

Is the Tangent Complement of the other Angle, 4 

Complement of the Hypotenuſe. That is, 

| Radius .. T. c. Angle BAC : : T. c. Angle ACB. 8. c. Hyp. AC. 

I. 45d. T. 60d. zom. : T. 18d. om. . 8. 35d. 35m. 
whoſe Complement 54d. 25m. is the Hypotenuſe AC. 

Note; The Angles of one Kind, the Hypotenuſe is leſs than 

g — but when of different Kinds, "is mace than a Que- 


— V. Four Axioms, by which the 12 Cafes of Oblique- 


e angled Spheric —.— are ſolved. 
an the Sines of their Sides 
are in direct to the Sines of their oppo- 


fite Angles. That is, 
e 1. As the Sine of a Side, r Angle; 
ſo is the Sine of another Side, to the Sine of its oppoſite Angle. 
5 2. As the Sine of an Angle, is to the Sine of its oppoſite Side; 
5 
is 


ſo is the ine of another Angle, to the Sine of its oppoſite Side. 
Axiom 2. Firſt, As the Sine of half the Sum of two Sides, 
(containing an Angle) is to the Sine of half their Difference; 
So is the Tangent Complement of half the contained Angle, to 
— — Vapoducn a | 


Secondly, As the Sine Complement of buf the Sum of two 


of half the contain's Angle, 
of half the Sum of the other two Angles. 
Aviom 3. , . 
vio th Sino al der Difeence 3 | 
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80 is the Tangent of half their interjacent to the Tan- 
2% bel nb on oy wa Again, * 
Secondly, As the. Sine Complement of half the Sum of two 
BE. > the Targent of lf their interjacent Site, to the 4 
is angent their interjacent to the Tan» 
e 1 
om 4. of the ines of the two containing 
. ih 
is ectangle of the Sines of half the Sum of the three 
Sides, and of the Difference of the Side thereunto, to the 
Square of the Sine Complement of half the contained Angle ſought. 
The Explanation and Uſe of theſe four Axioms, you will find 


mn . . 


1. The 
2. The A 
3. The third 
oppolie Angle be forcinown to be Acute or O 
- Example. Plate 4. Fig. 7. = 
—— (Se Oblique Spheric Triangle ACD, there is gi- 
99 * 4d. oym. 1 Coy Cos 
5d. 20m. 7 — hor mas by 
CD ———__— 


"REBELS. Sd 
is ob, 
Geometric, ing nd by Prod. . * 


. For the 
N oppolite Angle ACD, the Proportion (by Aue 


As the Sine of the Side AC, is to the Sine of the Angle ADC 
ſo is the Sine of the Side AD, to the Sine of the Angle ACD; 


That is, 
8. Angle ACD 


aer AC. 1 8. Side AD - 
om. .. S. 27d. zom. : : S. 65d.2om ..S, x 
With ud from 180d. reſteth — fe the nk 
n 
2. For contained Angle CAD (having before found the 
| © — rad. rats Part 1.) inverted, 


Dee and 
is to the Sine of half their Sum; ſo is 2 4 
Difference of the Angles ACD, -* &- Able: 
or. teat. 3. For 


T 


Tar aaa Mm. TT 6 


SAR KF N 8 


the 


. A, RY Mc. . 
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Be 08 RHCP, aries found ts expats Angie 
Proportion, (by Part 1.) inverted, is thus; 

| Ns the Sine'of Jalf the of the Angles ACD, and 

ADC, is to the Sine of half their Sum: 
$o.is the Tangent of half the Difference of the Sides AD and 

AC, to the Tangent of half the Side CD, That is, 


d. m. 
Pum is 75905 © — 

53 K is 104.05 I Ditf. 52.02 

J Dit. Ang. T.c. : CAD 


8. r5d. 36m. . 8. 49d. 4 1.50 oam. —T. 744. dom. 
Remainder is ——— - 5g 
Which being dubled —— ——— 15d. 20m. 
8. = Diff. Ang. 8. J their Sum: -T. + Dic Sides - E 8. 


* Which bex 8. 79d. zam. T. 1d. 36m. 1 
hich being doubled - — — 5.0 

| Problem 8. Cale 4, 5, and & 
Tivo Angles, and one Side oppoſite given; . 


oppokite Side be foretnonn to be more, or led than a Quadrang 

Example. Plate 4. Fig- 8. | . 
In the Oblique Spheric Triangle ACD, there is given, 
TIS — 


4 CD 384. 58m. Angle ACD—— 


uz. 


5 n 
ſo is the Sine 3 ADC, to the Sine of the Side 
That in 


— CD CD : : S. Angle ADC -- 8. Side AC req, 
» "ba. abim. a obm. 


o 
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As the Sine of half the Difference of the Angles CAD and 
; ADC, is to the Sine of half their Sum ; 

8o is the Tangent of half the Difference of the Sides CD and 
AC, to the Tangent of half the Side AD. And, 

3. For the third Angle MD, (having firſt fund the oppo- 


F 

| fie Side) the Proportion, (by Axiom 2. Part t. inverted) is thus; 
2 1 CD and AC, 
the Sine of 


C34 06 4 m. 
— 2 12 525 


9 \Diff.ox wu 


— 32d. 
— —, 
S. 02d. 11m. .. 8. 36d. 1 — ie 
8. 02d. 11m. z m. : O1 14m. 
Which ſudtract from - — —— 90d 


Two Sides, and as Hyd beware chew" giv; to find 
1. Either of the other 


Angles ; 
2. The third Side, ar Side oppoſite to the given Angle. 


Example Plate 4. Fig. 9. 
2 287 88 2 : 


ab is 2 Cane 
—— AD 20m. 
e 


= ow RT TFT TED S EE THE © wu =o Mm FU 


Sum of Sides "9:28 The 4 4 


2. 
| Sine Complement of the Reſidual Arch ; 
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This Triangle is made by Problem 18. * 
metry Geometric, er * 


For the Angle ACD, or ADC, the Proportion (by Axiom: 2. 
Parts 2 : 07 is 


AD 82 Angle CAD 30.46 
12 FAD 34-06 The half f 


m 49,43 Ci Comp. < 40. 
Differ, Sides 32-14 Diff. 15.371. 
As S. 4 Sum AD & AC · S. 2 Diff.: : T. c.: CAD. T Dip. 2 
As 40d. 4m. S. 18d. 22m. : F. 24d. m. E 
Then again, 

As S. c.; Sum ſides - e. 2 Diff. : : T. c. 1 CAD. T. Sum Angle 
As S. 40d. . 8,74. 2 3m. : T. 74d. 37s 221 32m, 
To it add the half Difference found above. 524. 02m. 

The Sum is the greater Angle ACD 131d. zam. 


And being ſubtracted, is the leſ Angle ADC 27d. 30m. 


Note, If the Sum of the two ; Sides exceeds a Se- 
micircle, then ſubtract each fide from roy anal and proceed 
with thoſe Remainders as with the Sides given; the 3 
produces the Supplement of the Angle required to a Semicircle, 


For the third Side CD, or Side oppoſite to the given Angle, 
the Proportion (alter the work aboye is done] may be made by 
Z2xiom 1. Or it may be deduced from the Lord Napier's Ca- 
tholic Propofition (by a ſuppoſed Perpendicular, let fall from 
one end of the leſs given Side, to the greater Side ven, redu- 
r hich finds 
the Side oppokite to the given Angle at two | „ wich- 
out finding the Angles ; and it's thus, | ; 

r. As Radius, is to the Sine Complement 1 
Angle: 80 is the Tangent of the Jeſs given Side, 10 the Tan- 
gent of a Fourth Aich. 5 

Then, if the contained Angle be Acute, ſubtract the Fourth 
LLL 
the Supplement thereof to a Semicir or 1 Degrees, | 
Remainder is called the Reſidue! Arch. Then, 

As the Sine Complement of the Fourth Arch, is to the 


* by 
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So is the Sine Complcment of the leſs given Side, to the Sine 
Complement of the Side required. That is, 
As Radius .. S. c. Angle CAD: T. Side AC „ T. Fourth Arch, 
As S. god. ..S. 59d. 54m. :: S. 34d. om. T. zod. 1am. 
which being ſubtracted from the Side — 20M. 
The ” is the Reſidual Arch — 33d. on. 
en 
As S.c 4th Arch. - S. c. Reſid. Arch: COTS + - S.c.Side CD, 
As 8. 59d. 48m. -- S. 54d. 3am. : : $5d.54m. . 8. 51d. 35m. 
whoſe Complement 38d. a is the Side CD required. 
Note, When the contained Angle, an Refidual Arch, are 
* or leſs than go Degrees, the Side ſought is leſs than 
a Quadrant; but when ons © Ws ans > bar halls tis 
more than a Quadrant. | 
Problem ro. Cafe g, and 120. 
Tivo Angles and one Side between them given ; 
| 7 1. Eber of the other Sides ® 
4 2 The Angle oppoſite to the given Sides? 
— In the Oblique Spheric Triangle ACD, there is mel 
T Angle ACD 131d. Zam.) Side AC, or 


Angle ADC 27d. 3om. ( Side AD, and 

Side CD 38d. 28m. Angle CAD is 

This Triangle hack by Problem 19. of _ Trigonometry | 
Geemetric, in page 130. See Plate 4. Fig. 1 


For the Side AC, or AD, the Proportion (by 4x: ater 
3 ws The Side CD 

Angle ACD 131.34 38.28 
Angle ADC DC 27.30 30 | The half is 19.14 d. m. 

Sum of Angles 1 59.04 The Sum 79. 32 2; 

Difference is 104-04 3 To 19-32 PinCom. $ 1%: 

Ass.: Sum Ang. S. their Dif. : : T.; Side CD. T. = Dif. Sides 


8. 52d. 02m. ; 8 T. 15d. 38m. 


hen again, 
As S. c.: Sum An. S e. 2 their Dif. : T. Side CD -- =SumSides. 


As 8. 10d. 28m... S. 37d. 58m. :: T. 19d. +49-4 5M. 
Te it add the balf Difference found above _ 15d. 38m. 


Ani igt. da is the leſs Side AC — MI 


AS. + i. i 


Sine Complement of the Angle required 


—" ww Vw. ww yy  T 


a 


*. V. Rog es Odigne. 


Thens # ihe mercen Sd be mots han x Quad ſub- 
tract the Fourth A an þ frogs the grams gion Gage han wth 


Supplement thereof to 180 Degrees, the 
e Then, 
2. As the Sine Complement of the Fourth Arch, is to the Sine 
Complement of the Refidual Arch ; 
80 is the Sing Complement of che leſs given Angle, to the 
- 'That is, 
As Radius NN T. Angle ADC T. 4th Arch 
As 8 god. . S. 5rd. 3am.: : T. 27d. 30m. T. a ad. rom, 


5 of the Angle ACD) 48d. 26m. 


r — 26d. 16m. : 


B. c. AthArch · S.c.Refid. Arch: :S.c.An. ADC -» $.e.An.CADreq 


8 67d. Som. S. 63d. 44m. : :S. Gad. 30m. . 8. 59d. 1 12m. 
whoſe 30d. 48m. is the Angle CAD 

Note; When the adjacent Side, and Reſidual Arch are each 
more or {eſs than god. the Angle fought is Acute ; but when 
one is more, and the other leſs, *tis Obtuſe. 


Problem rx. Caſe x1. Three Sides given, to find any of tie 


Ales; —_— Plate 4. Fig. 11. 


„ A riangle ACD there is given ; 
65d. | ACD, or 
© The Side CD 384. 26m. e 

AC 34d. o8m. CAD required ? 


This Triangle is made by Problem 20, of Spheric Trigeno- 
metry Geometric, in pages 130 and 131. 

The Reſolution of this, and the following Caſe depends upon 
the 4th Axiom ; and for the more ſpcedy J Reſolution, obſerve 


theſe following Directi 


x. Add the three Sides together, and from their half Sum 
wn the Sg oppoſite ie Angle rg, noting the Re- 


2. To 


148 222 | Chap. v. | 
2. To the Arithmetic of the Sines 

of the containing Sides, add the Logarithm Sines the half Sum 
and the Remainder : Half the Total of theſe four Logarithms, 
is the Logarithm Sine of half the required Angie's Supplement 
tw 180 Degrees. 

The Operation for the Angle ACD, is thus; 
m. 


The Sum u 48d. 30m. - 
Which ſubtract from — 180d. com. 


| 1. As Radius, is to the Sine of ann of Qs conmtnien Sides ; 
So is the Sine of the other containing Side, to a Fourth Sine. 


Then, 
2. 'As that 4th Sine, is to the Sine of the half Sum of the 


Three Sides; fo is the Sine of the Remainder, to a Fifth Sine; 
againſt which on c 


5 is, 55 

As Radius . S. Side CD Stele 204. 26m Then 
ASS. S. 38d. 26m. 26m. 
— — Side, :S. Remainder · a Fifth Sing. 


As 8.20d.26m. -- S. 68d. 57m. 1: . oz. 8. 
againſt which on the Line of Verſed Sines, is 1310. ET 


Angle AC as before. 


Problem 12. Caſe 12. The Angles given ; to find a Side. 
Example. Plate 4. Fig. 12. | 
a” 0 there is given, 


The Angle 55 ys. . ym: Jg 2, 
This Triangle is made by Problem 21. of Sper . e. 


„ | This 


Sea. V. 


Or thus, 
| the Side required) z ſo is the Sine of the other adjacent Angle, 
to a Fourth Sine. 


Sine : — — TANG WI © Wo Side 


ADC.. © Feuech Shan. . 
nde: 1 2 - FS. 


— * - 34m. . 8 
* 1 of Vettel Sus, is — 384. zom. 


Spheric Trigonometry Oblique. 2 

perform” the Directions in It, 

This Caſe is likew iſe bn pong pe 

4 4 of the greater (given) Angle to 
180 Degrees. 


8 the Operation is thus; 


cans 8 
5 27 


LACD 30 47 — — 
Sum is — 105 43 le 3 9.5 


3 ths is 19. 949979 
Half Sum 5—54 2x | Sum of the four Logari 


Remainder — 22 34 | _—-— 70.45 8. half Sum 9.974989 
Doobie r 2. 
The Sum is 141. 30 Which 
Subtract from 780. O0 
Remainder is the Side AD 3.35 
Io like manner may any other Side be lun! by Logs 


Gunter's Scale, 
I. As Radius, WR. the adjacent Angles (to 


Then, of the half Sum 
ourth Sine, is to the Sine 
of the eee to a fifth 


That is, 


the Side AD, as above, 


1%%/%/¶ The Deſcription of the Chbes. Chap. VI. 
'thms) if you omit this Part of the Operation (which ſub- 
ast from 180 Degrees, Ec.) you have the Side 
So much for the Doctrine of Spheric Triang lu; the Applica- 
tion follows, 


eee. 2 
CHAPTER VL 
Containing the Deſeription; and Uſe of the Globes, 


„ H ne finiſhed Spheric Trigonometry, it remains to ſhew its 
21 Uſes in Geography, Great Circle-Sailing, and Aftronomy. 
n otdet to the perfect Underſtanding of theſe, it is requifite 
to be acquainted with the Nature and Uſe of the Globes, 
which I will endeavour to perform briefly and plainly. 9 8 


Section J. The Deſoription and U½e of Shun in gu. 
ian 1. A Globe, (as to its Name and Figure) is ſo gene- 
rally known, that tis needleſs here to pro- 
9 finition of it; but as to the Kinds of 
Marat Glo, nd hi Pr it's neceffary ſomething ſhould 
fai | 
2. The Kinds of Globes are two; Tirreftrial and Cœlgſtial, 


which together with their Appurtenances, are for the lively 
Repreſenturic of the Natural Situation, and Pofit!on of the 


Sphere of Heaven, 7 * either in Caren. 1 
3 55 3 
Appurt 


The of Altitude, is a narrow thin Slip of Braſs 
Notch, Nut, and Screw at one End; tis divided into 
god. which hews he Almicner or Circles of Altitude, and 

the Edge repreſents an Azimuth Circle. | 
7. The Hour Circle, is a flat Ring of Braſs, fo contrived, 
that it may be took off, and fixed about either Pole of the 
Globe ; *tis divided into 24 Hours of a Natural Day each Hour 
is divided into Halves and Quarters ; to this belongs an Index, 
— G 
lobe 

8. The Niaden Frame, or Horizon, is round and flat, in 
which the Brazen Meridian doth move through two Notches, 
diametrically oppoſite, and another in the Middle of the Bottom 
of it: On the upper Part is a Kalendar, ſhewing the Day of 
the Month, Sun's Place in the Ecliptic, the Rumbs, or Points 
of the Compaſs, . 

8. The Semi-circls of Poſi tion, is a Semi-circle of Braſs ; the 
upper Side is divided into t$0 Degrees; it ſerveth to meaſure 
Diſtances, either on the Terreſtrial or Cceleſtial Globe. 


Section I. The Deſcription and Uſe the Terreſtrial Globe. 
HE Terreftrial Globe, hath on the Superficies of its Body, 
the whole Form and Faſhion of the Earth and Sea, deſcri- 

bed 5 with the Circles of the Sphere, as Equator, Meridians, 


$&. fl. 1e Uſe of the Terreſtrial Globe. t5t 
6. 
with a 


ropics, &c. 
In order to a clear Underſtanding the Uſe of this Globe, ob- 
ſerve theſe ic Definitions. 


1. The Earth, together with the Sea, compoſeth that round 
Body called the Orb, or Globe of the Earth, which is deſcribed 
by Lines Real, and Imaginary. 

_— The Real Lines, are ſuch as agree to the Terreſtrial Gl.be, 
by Nature, and fo divide it into Continents, Hlands and Seas: 
The Imaginary Parts, are ſuch as are applied to it by vertue of 
our Underſtanding ; and being not materially ſuch, are ſuppoſed 
be on the Earth: Theke Imaginary Inc ar either freight 

circular. 


is a ſueicht Line imagined to paſs through the 
the Extream Points: are the Poles, on 
to move ; one called the Artic, or 


orth Pole ; the other the Antartic, or South Pole 3; tis repre- 


3 SY 2 % 2 bd.= © SE Hr Bu > p ꝗ¶ A a Fo 


5 HEH 


and diſtinguifheth it 


2 ——_— 


| 124475 ng 15 
5 1 11 11 4 e 


— 
— — ——_— — —— —— — pre - —— — oo og. rr 
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the World. And upon it is wit in Capital Letters, Linea ub 
Equinoct iali. 5 
8. The Le Circles, deſcribed on Globes, are called Paral- 
lel Circles, forme of which have particular Names, as Tropics, 
and Polar Circles. 


Ga, The Tropirs are two, _ 
Diſtacce from it 23d. 29m. ' 
it, is called the Tropic of Cancer, at which the Sun hath its 
| making to us (and all Places 
in North Latitude) the longeſt Day, and ſhorteſt Night; 
which is about the t ich of June 


which lieth between the Tropics of Cancer and Capricorn. 
12. The two Temperate Zones, are contained between each 

Tropic, and a Polar Circle. | 

l one within the Artic Circle, and the other com- 


Lines, and Parts of the Earth : 
Earth and Water, in general divided into 


bas The Uſe of the Terreftrial Globe. Chap. \ 
. Aſia, and Africa is one Continent, a 
America is another 
Ina tn ig are 
ro 3 as Great and alſo I 
Ec. are . 
In Continents, and 4, are theſe Parts obſervable, 
Peninſula, I/thmus, 2 Jed re _ 
16. Peninſula, nne 
round with Water, and is Joincd to the Land by an Iſthmus, as 
the More in the Levant. 
17. An I/thmus, is a narrow Neck of Land between two Seas, 
yhich Joineth the Peninſula to the Continent ; as Corinth in 
feces, 
18. A Promontory, is a high Hill, Mountain, or Cape of \ 
that ſhooteth it e and 
Cape of Good Hope in Africa. t 
3 A Place, in reſpect to ihe Heavens, is either Eaſt, Weſt 
North, or South. , 


Theſe Places are ſaid to be Eaſt, which lie in the Eaftern 
c | 


the we Welt, which lie Weſterly of the faid Meridian, | 
or towards the Setting of the Sun. I 

Thoſe Places are properly North, which lie betwixt the bs 
A quator and the Artic Pole. 

And thoſe Places are South, which lie betwixt the Equatot Bj, 
and the Antartic Pole. ic 

The Antients have divided the Inhabitants of the Earth, into 
Pericci, Antiowci, and Antipodes. 

20. The Pericct, — under the fame Practtel, but 
in oppoſite Poinis of it; that is, they are in the ſame Latitude, 
but their Difference of Longitude is 180 Degrees. 

21. The Anticci, are fuch have the fame Meridian, and 
' equally diſtant from en 
other South: that is, two Places in one Longitude, and 
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| The Earth, being encompaſſed with Water; whoſe Waſhings 
ſurrounding the dry Land, cut out and ſhape many winding 
Bays, Creeks, and meandring inlets, giving Terminations to 
he Four Regions cf the Earth, and extending it ſelf round them 
ll, is but one continued Ocean. W herefore, 
The Water, is eithet Ocean, Seas, Straits, Creeks, Lakes, 
Rivers, Bays, &c. | | 

_—— is a genetal Collection, or Rendezvouz of 
| aters. : 

24 The $a, is a Part of the Ocean, to which we come 
through ſome Strait; as the Adediterranean, and Baltic Sea. 

26. A Strait, is a narrow Part of the Ocean, lying betwixt 
two Shores, and opening a way into ſome Sea; as the Straits of 
Gibraltar, that leads into the Mediterranean Sea; and the Sound, 
which leadeth into the Baltich- Sea. 

26. A Creek, is a ſmall narrow Part of the Sea, or River, 
that goeth up but a little Way into the Land. 

27. A Bay, is a great Inlet of the Land, as the Bay of Bi/cay, 
and the Bay of Mrxico; otherwiſe a Bay is a Station, or Road 
for Ships to anchor in. . 
28. A River, is a ſmall Branch of the Sea, flowing into the 
Land, courting the Banks, whilſt they their Arms diſplay, to 
embrace her filver Waves. | 

29. A Lake, is that which continually retains and keeps 
Water in it; as the Lake Zair in Africa, and Lake Nicurgua 
in America. | 1 

30. A Cab, is an Inlet of the Land, deeper than a Bay, as 
the Gulph of Venice, the Gulph of Florida; in which are ſwift 


the Names of the Ocean. Es 
3. The Ocean, according to the Four Quarters, had four 
Names; as the Eaftern or Oriental Ocean; the Weftern or Oc- 
tidental Ocean, the Northern or Septentrional ; and the Sou- 
thern or Meridional Ocean. But beſides theſe, it hath ot 
particular Names according to the Continent it boundeth, a 
39398 As it lies extended towards the 
tis ; the 8 | , Ro m 


2 


F 8 by 


: 


; 


? 
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Then the Alantic Ocean, from Atlas a Mountain in 
But near to Anerica, tis called dy the Spaniards, Adoredebs 
Nort ; and on the other Side of America, tis Mar-del-Zur, or 
Mare Paci cum. 

Where it toucheth upon Spain, tis Oceanus Hiſhanicus ; by 
the Enghh, the Buy of of Biſcay : Between England and Poms, 
tis called the Eng/i Channel: Between England and Ireland, 
the Iriſh Sea, or St. Gecrze's Channel: Between Eng/and and 
Holland, by ſome the German, but rather the Britiſh Ocean: 
Northward of Scotland, tis called Mare Caledonium More 
Northerly, tis the Hyperborean, or Frozen Sea: More Eaſterly, 
tis the Tartarian Seca, or Scythian Ocean, c. "Thus for the 
Names of the Ocean. Next, 


Of the Names of the Jans. | 
32. The Baltic Sea, by the Durch the Ooft Zee, lying be 
_ tween Denmark, Sweden, and Germany, whole Entrance is 
called the Sound : The Mare Mediterraneum, by the Engliſh the 
Straits; by the Spaniards, Mar- del Levant ; the Entrance 


— — Straits of Gibraltar : Then Pextus Euxi- 


aus, or the Black Jes; to which joins Meotis Palus, now Mar- 
del Zabethe : Then the Caſpian, or Hercanean Sea : Then the 


Arabian Gulf, Mare Rubrum, or the Red Sea : And the Per- 


W 


34 ö — 

Ocean, or Frozen Sea ; on the South by the Mediterranean Jas, 

lying betwixt it and Africa ; on the Eaſt with the River Tanais; 

ni an the Welt by the Walken, or Anus Ocean; whoſe 
Provinces 
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y 

„ 

4 Japan, Sumatra, Rorneo, & c. in the Oriental Ocean. 

2 Cyprus, Rhades, in the Me [ 

e  Mdetellins, Scio, Samos, &c. in the Archipelagus. 

2 36. Africa is bounded on the North with the Mediterranean, 
e on the Eaſt with the Red. ſaa, on the South with the £ebiopig 


or Southern Ocean, and on the Weſt with the £#/antic Ocean. 


The Principal Provinces are, 
* 
15 
1C 
TE 
1 
Pe 
he 
ad 
Ocean, on the Eaſt with the Atlantic Ocean, on the South with 
the Magelanic-ſea, and on the Weſt with the South-Sea, or 
Sy | Mar del Zur: It's divided into two Parts, vis. Mexicana, and 
4 | 8 
m 
> 
13 


Meluque Iſlands, r, Java the leſs, and many other 
Iſlands in the Fa- * 5 . 


FS2QE 


— ————— ou — —ĩ — 
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| ridian, and note what Degree (on the faid Meridian) ftand 


lay it on the graduated, or firſt Meridian from the ſaid Parallel 


woo — — 
3 


— 
— . ⁵² — O — 


—— —-— — 


— - 
—— — 


— — 


— — —ñ—— — 


fo any Panllel of Latinade ; apply the fame to the graduated 
"Alte, All ho cle onthe Globe, wh Degrees as before. 
obe, w 


Example. 1 demand the Longitude 
Meridian cutteth the Aquator, in in 19d. zam. the Longitude 


of the A⁊ores, which is Weſt from the Meridian of Landen (ac- 
cording to the Moariner's Cempaſi Refiified) 25d. 20m. 


Having deſcribed the Lines and Circles, and the Parts belong 
ing to the Terreſtrial Globe, the Uſes of all take in the follow 
ing Problems, 


Problem 1. To find the Latitude of any Place upon the Globe. 
The Rule. Bring the propoſed Place juſt under the Braſs M 


againſt it, which is the Latitude thereof. Or thus, 


With a pair of Compaſſes, take the neareſt Diſtance from the 
propoſed Place (on the Globe) to any Parallel of Latitude, ani 


the ſame way the propoſed Place lieth from it, the other Foot 
ſheweth the Latitude required. 
Example. Lot it be required to find the Latitude of the 
Lizard in England ? 
Turn the Body of the Globe till the Lizard be juſt 1 
the Braſs Meridian, and you'll find 50 Degrees right againit it 
which is the Latitude of the Lizard. Or thus, 
Take the neareſt Diſtance (on the Globe) from the Lizar 


Note, All thoſe Circles on the 
the Aquator, 2re called Parallels of Latitude. 


0 
The Rule 1. Turn (as before) the Globe till the propoſed 
Place lies juſt under the Braſs Meridian, and there keep it ſteady. 
2. Then obſerve what Degree of the Æquator lieth under the 
Braſs Meridian, and that's the Longitude required. 


the Lizard in England? 
idian, and then the Braſs 


— 


Note ; The Globes formerly made in lang begun Longj- 
tude at the Meridian of the Ifland of St. 2 one of the Ifles 


And ac iy the Lizards Longitude is 5d. 24m. Wes 

Difference in the Longitude of Places, is 
— dy the difierent Beginnings of Longitude by ſeveral 
0 Prob. 
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Problem 3. To find the Diſtance of any two Places on the G lobe. 

The Rule, 1. Lay the Beginning of the Degrees on the Qua- 
drant of Altitade, upon one of the propoſed Places, and count 
how many Degrees on it, are contained between both Places, 
r 

2. Thoſe Degrees being multiplied by 60, the Product is the 
Diſtance in Minutes. Or thus, 

Take the Diſtance between the two Places with a pair of 
Compaſles ; then meaſure that Diſtance on the Æquator, count- 
ing the Degrees intercepted between both Feet, and it will ſhew 
the Diſtance required. 

Note ; The Diſtance found by this Problem, is the ſhorteſt 
Diſtance; or their Diſtance in the Arch of a Great Circle, 
which is leſs than their Diſtance in the Rumb, leading from one 
to the other; except both Places lie under one Meridian, or in 
the Equator, | %y | 


Examp | 
1 demand the Diftance between the Lizard and the Iſland 


Barbadoes ? | 
ue of Abi 
of it on 


*Y Body of the Globe. | | 

. Screw the Quadrant of Altitude faſt an the Fraß Meridian, 
over the faid Place. 

Then lay the graduated Edge of the Quadrant of Altitude © 
and the faid Edge will cut the Horizon in 


ps 
44 
141 


OS: 07 FO . 
elt it be required to know the Angle of Poſition of 
ö Barbadoes from the Lizard ? 
ral 4 to the Braſs Meridian, and there refling 
oh you will End the Latiude of the Lizard 


2 


in Rectifying the Globe for any other Place, or Latitude. 

3. Screw the Quadrant of Altitude to go Degrees on the Braſs- 
meridian, which is juſt over the Lizard, (if the Globe be not 
turned from its Poſition as in the firſt ſtep and turn the 
graduated Edge of it to Barbadoes, the ſaid Edge will point on the 
Horizon to 71d. 3om. South Weſterly ; which js the A 
Poſition of Barbadoes from the Lizard ; that is, the Angle, the 
Arch of a great Circle paſſing through, or over the two Places, 
makes with the Meridian of the Lizqrd, which is not the Rumb, 
leading from the firſt to the ſecond : For, if you rectify the Globe 
to the Latitude of Barbadoes, and fo proceed as before directed, 

2 will find the Angle of Poſition to be 37d. 3om. North- 
Eafterly, | err 
34 Degrees leſs than the Poſition of Narbadoes from the Lizard ; 


it appears neither of true Rumb, or 

Point of the Compads leading from one the other. For 
„That the Rumb-lines, or Points of the Compaſs 

equal 8 t, or part of the faid Rumb, chang- 


gh the Poles, but wind about them 'rill they loſe 
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That, the Diſtance failed intirely taken, and laid on the 
Rumb, is the Diſtance of the Arch in a Great Circle, and not 
really in the Rumb; for the Diſtance in the Great Circle is 
always leſs than the Diftance in the Rumb : Wherefore, the 
better way will be, to take 1,2, 3, (or ſome ſmall Number 
of) Degrees of the Equator; and run that Diſtance (in the 
Compaſſes) over upon the Rumb Line, from the Firſt Mark 
to the Second; and in fo doing, the Diſtance is more truly 
laid, than by taking it at once. | 5 


Problem 7. Both Latitudes, and Courſe given; to find the 
Diſtance, and Difference of Longitude. 

The Rule. x. Turn the Body of the Globe till the given 
Rumb doth cut the Braſs Meridian in the Latitude you de- 
part from, and there make a Mark on the Rumb, and at 
the fame Time, .ſee what Degree of the Equator is cut by the 
Meridian; for that is the Longitude of this Mark. | 
2. Turn the Body of the Globe till the fame Rumb cuts 
| the Meridian in the Latitude of the Second Place, and there 
make another Mark on the Rumb; then ſee what Degree of 
the Equator is cut by the Meridian, which is the Longitude 
of the Second Mark; and the leſs Longitude ſubtracted from 
the greater, gives the Difference of Longitude required. | 
3- The Diſtance between the two Marks on the Rumb- | 
Line, being meaſured (according to the Note in the laſt Pro- 
blem) on the Equator, gives the Diſtance of the two Places. s 
Example. /f a Ship fails S. W. by W. from the Lizard, *till fl « 

4 


by Obſervation ſbe is in Latitude 44d. 5om. North; I demand 

her Diſtance failed, and what Longitude ſbe is in? 

1. Bring the S. W. by W. Rumb to cut the Meridian in 5o t 

Degrees, the Lizard's Latitude, and make a Mark on that e 

Rumb there, then the Meridian cuts the Equator in 357 

Degrees, the Longitude of that Mark. | 
2. Turning the Globe till the S, W. by W. Rumb cuts the 

Meridian in 44d. om. the Latitude of 
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Mark do the Second; and *tis fivej Times, which is 10d. or 
200 Le agues, the Diſtance failed on that Rumb. 


Pioblem 8. Having the Latitude, and Longitude the Ship is in 
given ; to find the Place where the Ship is in on the Globe 
The Rule. 1. Bring theLongitude to the Braſs Meridian, and 

there ſtay the Body of the Globe. 

2. Where the given Latiiude cuts the Globe, make a Mark 
on the Body of the Globe, which mark is the Place of the Ship 
at that Time, | 

Example. If @ Ship jails from the Lizard, and after ſome 
Time is in 44d. 5om. and Longitude gd. 45m. Z 
demand the Place of the Ship, on the Globe? ; 

x. Bring 9d. 45m. on the Equator to the Braſs Meridian, and | 
there ſtay the Globe. 

2. Juſt under 44d. gom. on the Braſs Meridian, make a 


Mark on the Body FF 
Ship at that Time. 6 


Section III. The Deſcription of the Covleſtial Globe. 


T HE Cœleſtial Globe repreſents that glorious Canopy, fo | 
richly emoroider d and beſet with thoſe Sparkling Dia- 


monds, Gs pen. the Duck Cheeks of the Night hang as 
rich Jewels in an Ethiopean's he « having upon it's Convexity 
artificially placed all the Stars, dent to their Natural 
Situation inthe Coney ofthe Orb, CoD BE 05 0 
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The Ec/iptic, is a great Circle which croſſeth the Equi- 
| nodal in two oppoſite Points, the Beginning of Aries, and 
Libra; "tis divided into twelve (equal Parts called) Signs, 
each containing 30 Degrees, and figured from the Left-hand 
towards the Right, 10, 20, 30; then 10, 20, 30, &c. having 
the Figure, Character, and Name of each Sign, as followeth ; 


Aris YI, Libra = 
Taurus So \ Scorpio Wm | 
__ Northern Signs E9,0 2, Southern Signs 
Aquarius N 

Y Piſces * 


This Circle with its Figures and Characters, are on both 
Globes; but the Creleftial hand wa the Images and Names of the 


| Signs, which the Terreſtrial bath not. 


Under this Circle the Sun moves in his Annual Courſe ; 
but the reſt of the Planets have their Deviations from i: ; for | 


the E-liptic, making 
which Breadth is called 
The Zodiac, is not drawn on 88 only imagined by 
two Circles parallel to the Ecliptic, at eight Degrees Diſtance 
from it on each Side 
Z The Poles of the Ecliptic, are two oppoſite Points, 
| 23d. 3om. diſtant from it's t Pole of the Wor 
'There the Circles of Longitude meet, and near it is 
Ld 
= The Meridia are the fame as before 
firial < on 


FR 


1 apt 
+ 


b 
ff 
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pricorn, two Solſtitial Signs, therefore called the So/fftirial Co- 
lure : This paſſeth through the Poles of the World, and Poles 
of the Ecliptic : *Tis diſtinguithed on the Globe by theſe 
Words, Calurus Saiftitiorum. 

8. The Horizon, is a great Circle god. diſtant from the 
Zenith, and Nadir, cutting all Azimuth Circles at Right- 
Angles, and divideth the World into two equal Parts; the up- 
per and viſible Hemiſphere, and the lower and inviſible : In 

by the upper Side of the wooden Frame, on which is 
a double Kalendar, of Months and Days, according to the Old 
and New Stile, with the Winds or Points of the Compaſs, and 
a Circle ＋ „ with their 
fite, and are the Poles of the Horizon. The Zenith is the Fer- 
ticel Paint, or Point over Head: The Nadir is directly oppo- 
lite thereto. „ 5 

9. The Azimuths, or Vertical Circles, are Great Circles in- 
terſecting each other in the Zenith and Nadir, and cutting the 
Horizen at Right Angles; Theſe Circles are not drawn on the 
Body of the Globe, but are repreſented by the Quadrant of Al- 
titude, when tis fcrew'd in the Zenith _ | 

10. Circles of Longitude, are Great Circles interſectiug each 
other in the Poles of the Ecliptic, and Right Right- 


Angles: Theſe d by of Altitude 
when it is ſcrew'd over the Poles of the Ecliptic; and on the 
through the 


8 


7 
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12. Almicanters, or Parallels of Altitude, are parallel to the 
Horizon, imagin'd to paſs thro* every Degree and Minute of 
the Meridian of a Place, between the Horizon and the Zenith 
of that Place: Theſe are deſcribed by the Diviſions on the 
Quadrant of Altitude in its Motion about the Body of the Globe, 
when it is ſcrew'd in the Zenith of any Place. 

13. Parallels of Latitude, are ſmall Circles parallel to the 
Ecliptic, imagined to paſs through every Degree and Minute 
of the Colures, between the Ecliptic and the Poles thereof : 
"Theſe are repreſented by the Diviſions of the Quadrant of Alti- 
tude in it's Motion round the Body of the Globe, when it is 
ſcrew'd over the Poles of the Ecliptic. 

Having deſcribed the imaginary Circles of the Cceleftial 
. Globe, we proceed now to the Deſcription of the Stars, thoſe 
glorious Diamonds, ſparkling in the immenſe Expanſion of 
the Firmament, encircling the Terreſtrial Orb at unmeaſu- 
rable Diſtance, which for Multitude ſeem innumerable, yet 
the greateſt and more viſible may be number*d, and nam'd : 
And for this Purpoſe A/?ronomers (for Order, and Method 
Sake) have reduced many Stars inte one Image, or Conſtella- 
tion, the better to know where to ſeek them 3 and be ing found, 
how to expreſs them. 

14. The Number of Conſtellations now drawn en the Body 
of the Cœleſtial Globe, are 66, and are as followeth. 


The Northern Confleliations are 23, viz. 
Stars | Ed | Stars 


1. Urſa minor ——>——9 | 12. Auriga 
2. Up Major — 13. Serpentarins — — 23 


— — 11 

5. — +4 
6. Corona Borealis ——— 817 
4188 —— 3012 

— ä $0| 

9. Olen, or Ognus — 27 


10. Caſſiopeia — 23 
11. Perſeus, and aw — a 
| Heduſee —— 5 7 
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The 2 odiacal Conſtellations are 12, viz, 


* 


2. Taurus 32 
3. Gemini — 24 


Sar 
7. Libra — 10 
3.0 — —v— $26 
9 Sagittarius 
10. Capricornus- ns 22 
11. Aquarius ——— — 24 


The Southern Conflelations are 30, viz. 
a Stars | 


2. "aw — — — 39 
3. Flumen Eridanus.— 43 


4. Lepus —— 13 
5. Canis major — 13 — 


6. Canis mi nor, or Cænicula 2 | 


» Argo Navis — 42 

« Robur Carolinum 11 

9. Hydra | — 27 

10. Crater. 8 

= (r. — 7 

Centaurus - 30 

. 1 Lupus —— 1 
14. Croſero, or the Crofters 

15. Ara, or the Altar ww 3 

16. Garona Auftrina —— 10 


The Sixty 


| 27. Piſcis Valans — 
| 28. Derado —>—— 


12. Piſces ——— — — 34 


Stars 


* all 314 

17. Columbus ———-— 10 
18. Piſcis Auftrinus —— 11 
19. Gris ——— — 13 
20. Phenix — 12 
21. Indus 6 
22. Pato — 1¶156 


23. Aris Indica, Touches — 7 
24. Apus muſca 3 


25. Chamelon —— ..— 16 
26, Diangulum Auſtrale — g 


7 


29. Apous, — 
* 3 Serpens Auſtrina 10 


Sixth conſtellation ( 


In all 439 
near Ur/a major) was 


added by Sir Charies Scarborough, and called Cor Caroli; being 
one Star in a crowned Heart, and compleats a Catalogue of 
137 fixed Stars as above: But this Number is now largely _. 


by the Obſervation 


encreas'd 


of our modern Aftronomers, 


as may be ſeen in the Flamſ/itedian Catalogue, which contains 


about 


into Si Degrees of 


3500, forming ſeveral new Aſteriſms, and are diſtin- 


Magnitude, or Bigneſs. The 


biggeſt, and brighteſt are called Stars of the Firſt Magnitude ; ; 


thoſe next inferior in Bigneſs, 


and Brightnets, are Stars of the 


Second Magnitude, &c. * Stars of the Sixth Magnitude, 


Theſe ſeveral 
veral 


L4 


on the Globe in ſfe- 


e 2 little Table placed on the 
Globes and intituled Stellarum Magnicudines, 


Sct. IV. 


— 29 
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ory Section IV. The Uſe of the Celeſtial Globe. 
Bre working g any Problem on this Globe, I hold it neceſ- 
| fary to explain ſeveral Words of Art uſed in Aſtronomy, 
ard Geography, and are in theſe following Definitions. 
1. Altitude, is an Arch of an Azimuth Circle, contained 
between the Horizon and any Parallel of Altitude. *Tis 
counted on the Braſs Quadrant of Altitude, which repreſents 
any Azimuth Circle on the Globe. 
2. Aſcenſion, is the Riſing of the Sun or Star, or any Part 
of the Eguinactial above the Horizon: And Deſeenſion is the 
Setting thereof. 

3. Right Aſcenſion, is an Arch of the Eguinoctial, inter- 

cepted between the Beginning of Aries, and any Meridian, 
and counted according to the Order, and Succeſſion of the 
Signs: Or, *tis that Degree and Minute of the Equinoctial, 
(counted as before) which cometh to the Meridian with the 
Sun, Star, or with any Point of the Heavens. 
4. Obliguet Aſcenſion, is that Degree and Minute of the 
Equinoctial, (counted as before} which riteth with the Center 
of the Sun, or Star, or with any Point of the Heavens: 
And Obligue Deſeenſion is the Setting thereof. 

5. Afcenſional Difference, is the Difference between the 
Right and Oblique or Deſcenſion : Or, it is the 
Space of Time the Sun Riſech, or Setteth before, or after Six 
ws the Clock. 

Ampiitude, is an Arch of the Horizon comprehended 
. the true Eaſt and Weſt Points of it, and the Center 
of the Sun, or Siar, at their Riſing, or Setting. 

7. Azimuth, is an Arch of the Horizon contained between 
the Meridian of the Place, and any other Azimuth Circle; or 
contained between the Prime Vertical, and any other Azimuth 
8. Declingtion, is an Arch of a Meridian, co! 
between the and the Center of the Sun or © 
any Point of the Heavens: It is North Declinati 
North Side of the Equinoctial, but South Decli 
on the South Side thereof. And is counted on 

ridian on the Globe, and on the 


<= 
Or it is counted on the Equinoctial, Reckoning 1 5d. to an Hour. 
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divided into the 24 Hours of the Day, and Night; and hath 2 
little Braſs Index pointing to them as the Globe is turned about 


e 
9 0 i "1h 


10.  Latieude of 6 Star, is an Arch of a Circle of Longitude, 


288 82 
2232 
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In like manner, any Star coming to the Meridian of any 
Place, is then at the 'bighefl Altitude, or loweſt Depreſſion. 


Theſe Things being well conſider' d, the following Pro- 
hum will be the better underſtood. 


Problem 9. The Day of the Month given : to find the Sun's 
Place in the Ecliptic. 


The Rule. 1. Seck the Day of the Month, (in either Ac- 
count according to the Julian, or Gregorian as you find them 
placed in the Kalender) on the upper Side of the Horizon. 

2. Right againſt it, in the innermoſt Circle, is the Sign, 
Degree, and Minute, the Sun will be in that Day at Noon. 


Example. The 8th Day of January in the Julian, or the r9th in 
the Gregorian Account, 1 demand the Sun's Place in the 
Ecliptic « P 


Right againſt the 8th of January, in the Julian "Ie WY 
in the Circle next within it, is 19 Degrees of Capricorn, in 
which Sign and Degree the Sun will be on the 8th of January. 
In like manner his * for February the 1 5th, is 7d. zom. 
11 Piſce: 
Problem 10. How to refiify the Globe * any Latitude, and 
to make it fit for Uſe, at any given Time. | 
Tie Rule. 1. The Globe being placed in the Frame, by put- 
ting the Braſs Meridian into the 1 two Notches, that are in the 


| | North and South Parts of the Horizon, ſo that the graduated 


Side thereof be towards the Eaſt, and it reſts in the Notch, 
that is in the Bottom of the Frame: Move the ſaid Meridian 
higher or lower, *till the given Latitude in it doth juſt touch 
the upper Part of the Horizon, on the North Side thereof, if 
* Latitude, but the South Side, when South Latitude. 

. Place the Braſs Hour Circle about the Pole, fo that the 


the Braſs Meridian ; and put the little Index on 
ſa that it may move about as you turn the Glode 3 
the upper 12 on the Hour Circle repreſent 12 at 
the lower, 12 at Midnight; and all the other Fi 
vondent Hours of the Day and Night. 

3. By Problem 9. Find the Sun's Place 
given Time; then ſeek the Sun's Place in 
the Body df the Globe, and bring that 
Meridian ; there ftay the Globe, and then turn 
dex Ill it points Jus at the upper 12 in the Hour C 
* 
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Thus is the Globe reCtify'd to the given Latitude, and the 


Hour Circle and Index to the given Time. 

Example. At London the 14th of February, T would have 
the Globe rectiſy d fit for Uſe ? 

1. Move the Braſs Meridian till 5 d. 32m. on it, toucheth 
the North Part of the Horizon. 

2. By Problem 9. The Sun's Place is 6d. zom. in Piſces ; 
which being found in the Ecliptic on the Globe, bring it to 
the Braſs Meridian, and there ftaying the Globe, turn the little 
Index to the upper 12 in the Hour Circle ; and there {et it ſo, 
that it — RY EE, and us done. | 


Problem In. The Day of the Manth given; to find the Sun's 
Declination. 


The Rule. 1. By Problem g. Find the Sun's Place in the 


Ecliptic. 
2. Bring the Sun's Place (in the Ecliptic on the Globe) to 


the Braſs Meridian, on which, and right over the Sun's Flace is 
his Declination required. 

Example. The 14th February; T1 defire to know the Sun's 
Declination ? 

1. The Sun's Place in the Ecliptic, for the 14th of Febru- 
ary (found by Problem g.) is 6d. zom. in &. 

2. Bring 6d. 3om. in (in the Ecliptic on the Globe) to 
the Brats Meridian, and then right 2 it mod the Braſs Meri- 
dian) is 1 tom. which is the Sun's Declination, South De- 


Or thus, 

1. With a Pair of Compaſſes take the neareſt Diſtance from 

the Sun's Place in the Ecliptic 6d. 3om. in &, to the Equi- 
noctial on the Globe. 

2. Meaſure that Diſtance on the EquinoAtial Colure, and it 


ſheweth the Declinggion gd. Mm. as before. 


Problem 12. The Day of the Month given; to find the Sun's 


Right Aſcenſion. 

The Rule. . As before, find the Sun's Place in the Ecliptic, 
by Problem q. 

2. Bring the Sun's Place (as directed in Problem 11.) to the 

Braſs Meridian; r is cut 

ight Aſcenſion 
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2. His Place of 6d. 3om. of , being brought to the Braſs- 
Meridian, it cuts the EquinoCtial in 338d. 15m. the Sun's 
Right Aſcenſion. 


Problem 13. The Latitude of @ Place, and the Day of the 
Month given; to find the Time of the Sun's Riſing, Setting, 
and his Amplitude? 

The Rule. 1. Rectify the Globe (by Problem 10th, fit for 
Uſe) according to the given Latitude, and given Time. 

2. Bring the Sun's Place (in the Ecliptic on the Glohe) 
down to the Horizon on the Eaſt Side thereof, and then the 
little Index will point to the Sun's Riſing in the Hour Circle; 
and the Body of the Globe ſtayed there, look what Degree of 
the Horizen (counted from the Eaſt Point thereof) ſtandeth right 
againſt his Place (in the Ecliptic on — — 
Amplitude at his Riſing. 

In like manrer, turn the Globe all you bring the Sun's 

Place to lie even with the Weſt Side of the Horizon, ſtay- 
ing the Body of the Globe there; then will the Index point 
to his Setting, and againſt his Place on the Globe ſtandeth 
Bis Amplitude, (on the Horizon) counted from the Weſt Point 
thereof. 


Example. The 14th of February at London : I demand the 


Time of the Sun's Ring and Setting, and his 3 
a. rn nne - 32m. 
and the Hour Index to 6d. el 0 


ing | 

and ſtaying the lobe there, the Index points to 6 Hous 3; 
that is, 3 after 6 is the Sun's Riſing : and againſt 6d. 30m. of 
N, is 14d. 35m. on the Horizon, (from the Eaſt towards the 
South) which is the Sun's Amplitude at Ring. 
In like manner, the Globe till 

_ of N, to the 
to + after 5, 


4 Place, and the Day 


1 = A and aſa? 

q given ; to fin the Sun's De 

| 75 Ruble. 1. S and 

Gre che Sun's Place in the Ecliptic for the given Time. : 
2. Bring 
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2. Bring the Sun's Place in the Ecliptic on the Globe, to 
the Eaſt Side of the Horizon, and then ſee what Degree of 
the Equinoctial is cut by the Horizen, and that is the Sun's 


3- In _— Place in the Ecliptic to 
the Weſt Side of the Horizon, and it ſheweth his Oblique 
Deſcenſion. 


Example. The 14th of February at London: I demand the 
Sun's Oblique Alcen/ion and Deſcenſion ? 

1. | Rechify the Globe to the given Latitude 51d. 32m. ac- 
| to IS 

2. ing 6d. zom. of X (the Sun's Place for the 14th of 
February ) to the Eaſt Side of the Horizon, and then it cuts 
the EquinoQtial in 349d, zom. which is the Sun's Oblique 
Aſcenſion. 

3. Bring 6d. zom. of 3 to the Weſt Side of the Horizon, 
it cuts the Equinoctial in 326d. om. which s the Sun's 


Oblique Deſcenſion. 
Prob. 1 5. By Lp od ry SSS 
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Note; In ſcrewing the Quadrant of Altitude on the Braſs 
Meridian, you muſt put the Screw Side of the Notch, on the 
Back- ſide thereof, and put it cloſe down; ſo cloſe to it, that 
the thin Plate may be as near the Body of the Globe as poſ- 
 thbly vou can; yet fo, as not to obſtruct its moving. 

Allo mind that you fet the ſloped Edge of the Notch of the 

Latitude of the given Place. | 

3. Bring the graduated Edge of the Quadrant of Altitude, to 
od. rom. of &, the Sun's Place (for Fune the 17th) in the E- 
cliptic, and then on the Quadrant of Altitude (againſt it) is 18d. 
3om. his Altitude at 6 of the Clock. 5 
4. And the Quadrant of Altitude cuts the Horizon, in 
104d. 5om. from the South Eaſtward, which is the Sun's 
Azimuth at the fame Time. . 


Problem 16. The Latitude of @ Place, the Day of the Month, 
and Sun's Altitude given ; to find his Azimuth, and Hour of 
| the Day? Os | 
The Rule. 1. Rectify the Globe, Hour Index, and Quadrant 
ol Altitude, as befor. _ 


2. Turn the Body of the Globe, and move the Quadrant 


woe Alticude, 'till you bring the Sun's Place in the Ecliptic 
do lie juſt under his Altitude on the Quadrant ; there ſtay them 
3. Then will the graduated Edge of the Quadrant 
the Azimuth, in the Horizon from the North, or South ; and 
the Index ſheweth the Hour of the Day. 


Example. At Barbadoes the 14th of February, in 
noon, the Sun's Altitude being 30d. I demand his Azimuth, 
Hour of the Day? 


134. 25m. alio the Hour Index to 6d. 
Place for the 14th of February, and 
_ ſcrewed in the Zenith. 


3 


Q. 


=O & 
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Problem 17. The Latitude of a Place, the Day of the Month, 

and Sun's Azimuth given; to find his Altitude, and Hour 
of the Day. 

The Rule. 1. Rectify the Globe, Hour Index, and Qua- 
drant of Altitude, as before. 

2. Turn the Quadrant of Altitude, to the given Azimuth, 
in the Horizon, and there ſtay it. 

3- Then bring the Sun's Place in the Ecliptic (keeping 
the Quadrant of Altitude fixed) to the graduated Edge there- 
of, (which is alſo before ſet to his given Azimuth ;) and ſtay 
the Globe there. fo OI 

4+ Then doth the Ecliptic cut the Quadrant in the re- 


quired Altitude, and the Index ſheweth the Hour of the Day 
red, 


Example. At Barbadoes the rgth of February, the Sar's 


Azimuth in the Afternoon, being W. S. W. W. or 734. oym. South 


Weſterly; # demand his Altitude, and Hour of the Day ? 

Auſiu. Obſerving the aforeſaid Directions, and turning the 
Globe, and Quadrant of Altitude towards the Weſt, you will 
find the Sun's Altitude to be 3od. and the Hour of the Day 
15m. after 3 in the Afternoon. e 


Problem 18. The Latitude of a Place, the Sun's Altitude, 
and Azimuth given; to find his Place in the Ecliptic, and 
Hur of the Day. i T : 
The Rule. 1. Rectify the Globe to the Latitude, and fcrew 
the Quadrant of Altitude to the Zenith. | 
2. Turn the graduated Edge of the Quadrant of Altitude 
to the given Azimuth, in the Horizon, and there ſtay it. 
3. Turn the Body of the Globe (without ſtirring the Qua- 
drant out of it's Place) till the Ecliptic cut the Quadrant in 
the given Altitude; which will then cut the Ecliptic in the 
oun's Place required. RE, f ä 
4. Then turn the Sun's Place to the Braſs Meridian, and 
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Ecliptic into two ſeveral Signs, and yet the Hour of the Day 
fought by the Fourth Step, will be the fame ; ſo that unleſs the 
Month be given, the Sun's Place cannot be determin'd. 

Example. M# London, the 5th of Oftober, the Sun's Altitude 


e og I demand 


his Place in the Ecliptic, and the Hour 

Anfwer. The Sun's Place is 2 
after 9 in the Morning, t 
the Sun's Alitude and Azimuth 


Rats 26. he Latitude of a Place, the Detlination, and 
„ aud Hour 
- of the Day? 

The Rule. 1. Rectify 


ll 


Un 


; 


C7T 
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unt the Pole of the Ecliptic'on the Gl .be may be juſt under 236. 


4 The Azimuth on the Horizon, from the Braſs Meridian 
Wor in Degrees Equinoctial, 
8. from Noon ) on the 
from the Equinoctial Colure to the Braſs Meridian. 
having any Three of theſe Five given, the ather Two 
found, which 1 leave for the Learners Exerciſe. 
All the foregoing Problems, may be wrought on either 
but the following only on the Cæ leſtial Globe. | 


Problem 20. eee 


er Y, icon w he 
Succeſſion of the Signs. 
Example. I demand the Right Aſcenſion, and Deli of Al 
debaran, or Oculus Tauri, the Bul/s Eye? 
Anfwer. According to the Directions above, you will find it's 
— cody. anhry its Declination near 15d. 55m. 


— 21. To find the Latitude, and Longitude of « Star: 
The Rule. 1. Bring the Selftitial Colure to the Braſs Meridian, 


30m. on the ſaid Meridian, and there fix the Body of the Globe. 
2. —— Altitude juft over the Pole of the 


3 Bring the Graduated Edge of the faid Quadrant to the 
Center of the Star, and there ſtay it. | 


4- Then the Star cuts the Quadrant in it's Latitude, and the 
Quadrant cuts the Ecliptc in it's Lage. 


Example. I demand the Latitude, end gil luer, a 
Star of the fig. Magnitude in the Congellation Bootes 


A. A fy 
wa und fo for any other, 3 PIES — 
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Ho. Lyra, — . 76.54/38. 
South Fiſh, Fome!haut | 4 = 29-59 21.05 8 1240-35 * 2 
Problem 22. To find the Rifing, Setting, and Culmination of 
£ 4 Star, at any Time, in any Latitude. 

The Rule. 1. Retify the Globe and Hour Index, as in 
Problem 10. 

reer would know) to the Eaft 
Side of the Horizon, and then the will point to the Time 
of its Riſing: Alſo the Degree of the tos 0 Gn 


— Star © the Wett Side of the Horizon, and then 
the Index will ſhew the Time of its Setting: Alſo againſt the 
Star, (on the Horizon) is its Amplitude at Setting, which is 
ever the ſame Quantity as at Riſing, 


Me BB © & 6&©@ 00 
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This to perform, and fo of:en done in the Problems 

concerning the Sun, it needs no Example. 

Problem 23. dy pe Bog by Ana? nd 
288 either Rifing towards the Meridian, —2 

3 


now your aight paſſing through it, will 3 the 
Heavens, correſpondent to that on the Outſide of the Globe. 
This being mathematically well conſider'd, will make the Uſe 
of the-Globes eaſy, and very much conduce to * 
ene ; 
ioo much neglected by moſt Mariners, 


Problem 24. W Night by the Abitude of @ 


The Rule. 1. Rectify the Globe, Hour Index, and Quadrant 
of Altitude, as before, ia Probl:m 10. | 
2. Turn the Globe and Quadrant of Altitude *till you bring the 
——— 

23 Then 


2. With | 
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o Negrees. 

9. Longitude, is reckon'd in the Equator, round which, in- 
creaſing to the Eaſtward, tis counted (by ſome) till it end 
(where it firſt began) in 360 Degrees, which is the greateſt 
Longitude: Or, according to Mr. Valeh, in his Mariner's 
Compaſs Refified, tis counted from the Meridian of London, 
increaſing on both ſides of it, Eaftward and Weſtward, till it 
terminates in 180 Degrees, at the oppoſite Meridian. | 

10, gi of a Place, is an Arch of the con- 
rained between the Meridian of that Place, and the firſt Meri- 
dian where Longitude taketh its Beginning, and counted (by the 
old Way) to the Eaſtward of the Firſt Meridian, (but by the 
new Way) *tis counted both Eaſtward and Weſtward from the 
Meridian of London ; which in this Account is the Meridian, 


whence Longitude taketh its Begi 
Arch 
two 


11. Difference of Longitude, is an 
contained between the Meridians of any 
_ exccedeth 180 

12. The Diſtance of any two Places, is an Arch of a Great 
Circle, paſſing throꝰ them, and never exceedeth 180 

13- The of Poſition, or the Angle of Situation of 
Places, is an Angle the Arch of a Great Circle paſſing over 
two Places, makes with the Meridian of one of them, and is not 
the Courſe leading from one to the other. 

In finding the Diſtance of Places, there are three Caſes : As 
(1.) when they differ only in Latitude; (a.) when they differ only 
in Longitude ; ( .) when the two Places differ both in Lati- 
mide nd Long: 222 performed by the following 


Set. IT. Geographic Problems. 
 Seftion II. Geographic Problems. | 
Caſe 1. Two Places D 
t 

Note r. T9 1 yy = == 
are faid to differ only in Latitude. n 

2. Two Places . 

Latitude is the Diſtance required : In which there are two Va- 

Variety 1. Problem 1. Tus Places both on the ſame Side of 

the Equator ; 25 


133 


Js” ww a” = 


Variety 2. Problem 2. e 
tor, the ather an the ather Side; that is, one in North Latitude, 
and the other in South Latitude; their Di | 


Welt from * A ld ty 
one Parallel of Latitude. 
In this Caſe are two Varieties. 
Caſe 2. Variety 1. Problem 3. Two Places in the Equator, 
their Longitudes being given ; to find their Diſtance ? 
The Rule. 1. According to the old Way of counting the Lon- 
gitude, ſubtract the leſs Longitude from the greater, the Re- 
mainder (if leis than 180 Degrees) is the Diſtance required: 
But when *tis more, ſubtrat it from 360 Degrees, and this laſt ; 
Remainder is the Diftance. 
2. According to the new Way of counting the Longitude, in 
the Mariner Compaſs Refified, the Rule is thus; 
If both Longitudes be Eaſt, or both Weft, ſubtract the leſs 
from the greater, the Remainder is their Diſtance : But when 
one Place is in Eaſt, and the other in Weſt Longitude, add 
chem, and the Sum (if it excee! not 180 Degrees) is 4 


M 4 


— 1 3 > 24 YY. 


Rem 3 — 


Secant thereof. 

. ern ofthe i 
ven Latitude) by Prob 6. Cafe 1. Page 116. of Spheric 
Through Z draw the Parallel Circe ZOlt (by Problem 
9. 229 121. of Spheric Geomenry,) with the Tangent 
_ of 40d. oom - (the Complement of the iven Latitude) to cut the 
| Oblique Circle P@NIinG : Then NZ repreſents the Lizard, 

and () Pengwin Iſland, both in one Parallel of Latitude. 

. Then thro' Z and C, draw a great Circle, as is the Ob- 
Circle Z (JC, and it's dene, for LO on the Oblique Circle 
is the: Diſtance 7cg uired, which 1s mealured by Problem 7. Caſe 
'3- in Page 1 rs. "of Spheric Geometry. 

To fin their Diſtance by I rigonometry, tis to be noted; 
That in te Oblique Spheric "Friangle ZÞ Plate 5. Fig. r. 
1. The Side ZP equal to PG is the Cm. of the Lat. god. oom. 


98 


de ZE ine Difirce of Lginue—674. Gow 


„„ mr c20 ww © ih a 


Seck. II. Geographic . rig 
The Side Z© the Diſtance of the two Places; which to 
let fall the Perpendicular PB (by drawing an Oblique Cir- 
cle with the Secant of 23d. 53m. half the (given) Difference of 
to cut the Oblique Circle Z© (in D) and it divides 

the Oblique-Spheric-Tri into two equal Rectangle-Spheric- 
Triangles PBZ and PBG, in each the Hypotenuſe, and one 


I. The Angle ZPB equal to BPO, is half the Difference of 


2. —— ©, is half the Diſtance required. 
boating oy nt og bo bem nn 
_- in page 136. of Rectangular Spheric Trigonometry, is 


As Radius, is to the Sine Complement of the Latitude ; fo is 
the Sine of half the Difference of Longitude, to the Sine of half 
their Diſtance required. But in ſhort thus, 
—— ——— 11 ten. 
As 8. 40d. COM : 1 8. 23% 3am. gd. orm. 

rene 
Minutes, which is the Dittance between the Lizard and Pen- 
ui fund, in the Arch of a Great Circle. 


Problem 5. To find how many Miles or Minutes of the Equater, 
make a Degree of Longitude in any Paraliet of Latitude. 
The Rule, or Propertion is ; 
As Radius, is to the Sine Complement or the Latitude ; 

So is 60 Miles or Minutes 2 Degree of the Equator, to the 
Miles or Minutes of the Equator, which make a Degree of Lon- 
gitude in the Paralle] required. 
| Example. How many Ales will anfwer to make @ Degree of 
in the Latitude of 51d. zam. 

As Radius . S. c. Lat. : : adeg, 1 in the Par, 
8. 38d 28m. : : 60 Minutes .. Min. 37.32 Parts, 


Caſe 3. Two Phees d foring both in Latitude ond Longitude, their 
Lititudes and Jong itudes being given, to find their Liſlance. 
Nate, In this Cate are three Varieties. 

Variety t. Problem 6. One Puce in the Equator, and the 

other towards eicher of hg * 


4 a Lizard, and the Entrance of the —_ 
and Longitudes being as followeth : 3 
— Bynes ? a Liar 


— — — 


2 leis 


io the Sine Complement of their Diſtance required. But in 
Radius . S. c. Leg ZE: 8 S. c. Hyp. ZN the Diſt. 
S. god. .. nu. pe ag eg. 470. 2 S. 28d. 12m. —_ 
Complement is 61d. 4 to 08 M is the 
Complement —— 
Caſe 3. Variety 2. Problem 7. Tos Places lying towards one of 
the Polis; r or both in South 
and z to 
— Latitndes and Longitudes being given ; to find 
E xample. 1 demand the Diſtance between the Ligard and 
:fand Barkadees ? 


E the Primbive Cocke, and quiters & as 
„ 2 Caſe 2. in 
| page 112. of Spberic Geometry ) to 5M. zom. the 
Difference of by drawing n 
with the Secant thereof. 

2. On the Primitive Circle (by Prob. 6. Caſe 1. in Page 116. 
of Spheric C ) make P Z equal to 40d. oom. tl | 
plement of the Lizard's Latitude, by laying the 
fromP to 2. 

3. Draw the Parallel Circle 3 L. I. a 
page 121. of Spheric Geometry) at 1 3d. oom. (Barbadoes 
tude) Diſtance from the Right Circle AZAQ, the Equator, 
cut the Oblique Circle PMI in L. 55 

4. Then thro' Z and L, draw a Great Circle, as the Oblique 
Circle ZLNC, and 'tis done; for ZL (meaſured by Prob. 7. 


Caſe 3. in page 113. of Spheric Geometry) is the Diſtance re- 


But by Spheric Trigonometry, to find their Diſtance, it is to 
be noted. 
That in the Oblique Spheric Triangle LPI. Plate 5. Fig. 1. 
1. The Side PZ is the Comp. of the Lizard, Lat. 40d. oom. 
2. The Side PL is the Comp. of Barladaes Lat. 77d. com. 
3- The Angle ZPL their Difference of Longit. 524. Jom. 
4. The Side ZL their Diſtance required. 
To find which (by Chap. 5. Seftion 5. Problem 9. Caſe & 
in page 145. of Spheric Trigonometry Oblique ) The Rule is, 
Firſt, & nn. i 2» in Gs n 
rence of Longitude ; So is the Tangent Complement of the 
greater Latitude, To the Tangent of a Fourth Arch. 
Wich being ſubtracted from the Complement of the leſs - 
Latitude, when the Difference of Longitude is leſs than go 
Degrees; but when more than » Dae foe bs Gate 
ment to 180 Degrees, the. Remainder 5 the Reſidual Arch, 


Secrndy, As the Sine Complement of the Fourth Arch afore. | 


* 

Remainder the Refi Arch——— 49 Jem. 
Then ag 

As Sc. qthArch . Fe Refi Arch: 8. e. Side ZP. S. c. Side ZI. 


84 55 
ceognphicay en the Pin of ie Merit 
Fig. 1. 
ct being deſerided, and quarter d as 
Problem 2. Caſe 2. in page 112. of 
e the Ode: Cork 
| = D*. Cue | 


Circle PMI, in D, repreſenting Cape Bone E 

4. Thro* N 
Z DC, and tis done: For ZD (meafured by Problem 7. Caſe 3. 
mn page 118. of Spberic Geometry) is the D requir'd. 
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By Spheric Trigenemetry, to find their Diſt. it's to be conſider'd, 
I at in the Oblique Spheric Triangle ZPD, Plate 5. Fig. 1. 
1. The Side PZ is the Comp. of Cape Cod Latit 47d. goms 
2. The Side PD the diſtance of Cape Bona Eſperance from the 
e added to god. that is 124d. 25m. 
U Differ. of Longitude 844. 55m. 
The Side ZD their Diſtance required, which is thus found. 
Trig 
As 


Secondh ; As the Sine Complement of the Fourth Arch, is to 
the Sine Complement of the Reſidual Arch; fo is the Sine of the 
Latitude firſt faken, to the Sine Complement of the Diſtance re- 
quired. But in ſhort thus ; 

As Radius .. 5.c. Ang, DPZ: : T.Side PZ . T. 4th Arch. 
As S. god... S. ogd. ogm.: T. gen. T.gd. 35m. which 
being ſubtradted from the Side PD— 124d. 25m. 

The Remainder is the Reſidual Arch—— 118d. 50m. 

Then again ſay, 
S. c. 4th Arch. Sc. Reſidual Arch: : S. c. SidePZ .. . c. Side ZD 
S. 84d. 25m... S. 28d. som. amg 59m. 
Which added to — god. oom. 


The Sum is the Side ZD their Diſtance ———— — 2081. g0m. | 
Or 6 r er 
Eſperance, it the Arch or a Great Circle. 


ö KK—— — 


—— „ 8 w—_ 


n 
— — 


C H APTER vim. 18585 
RD of Ihe 
Trigonomets y, appticd in Great-Curele-Sailing, 


(GREAT Cirde-bailing, uit — ſo it's the pt 
difficult, and hardly peſſblg tor a Ship exattl 5 
4 


— ß 


Caſe 2. Tivo Places differing only in Longitude, the Latitude and 
Longitude being giver ; to find their Diſtance in the Arch of @ 
| Great Circle, and all that is requiſite in Great Circle 


1. This is the fame with Chapter 7. Section 2. Problem 3, 
and 4. in Pages 183, and 184, of Geography, to find their Di- 
ſtance. . 


2. Theſe Places are either in the Equator, or in one Parallel, 
and lie Eat and Weit from each other; but their Diſtance in 
that Parallel, is not heir neareſt Diftance, the Parallel being a 

3- Tae Diſtance in the Parallel hath been ſhewed in 
4. Section 3. Ploblem 10. of Mercator's Sailing, in Page 100 3 
and their Liſtance in the Arch of a Great Cucle is found by 
Chapter 7. dection 2. Proble.n 4. in age 184 of Geography. 
Bur the Avgles of Poſition made by the Great Circle, and it's 
Latitude, aud Longitude at any aſſign'd Portion, together with 
the Cousie, and Liſtance frum Flace 10 Place, to aiſign'd in it, 
is the Werk now. 


Caſe 2. Problem 1. the Lizard, and Pengwin Ifland, 
both in the Latitude of 50d. oom. North, whoſe Difference of 
| Longitude 35 479. 46m. (as beiore in Problem 4. in Page 184 
of Geography) I demard the Ingles of Poſition ? The Great 
Cirel#s Diſlauce bettuce them? The Latitude of the Arch at 
every 5 Degrees Dijjer:1.:e of Longitude ? And the Courſe, and 
| Diffance of each of them according ti Mercator? _ 


: 
? 
47 
; 


This Problem is delineated by the Directions in Problem 4. 
of Geography, in page 184. And obſerve that, 
the Oblique Spheric APC, Plate 5. Big. 2, 


N 
a 


; 


: 


1 


erer 
TEE 


4 


And by Chapter 5. Section 4. Problem 2. Caſe 6. of Spheric 
Trigonometry Rectangular, in page 137. the Proportion is thus; 


Radius, is to the Sine of the Latitude ; ſo is the Tangent 


ment of the Angle That is; 
As Radius . S. c. Hyp. AP: : T. Angle APB.. T. c. Angle BAP. 
As 8. god. Oom.: : T. 23d. f zm. T. 18d. 44m. 
Which being ſubtrafted from :. 90d. oom. 


4. 
rr 
. AC is god. 10m. or 1810 Minutes, the Dittance of the two 

Places in the Arch of a Great Circle. | 

Thirdly, To figd the Latitude by which the Arch ſhall paſs at 
every 5 Degrees Difference of Longitude from A, repreſenting 
the Lizard ; theſe Things following muſt be obſerved ; At 


192 Great Circle Sailing. Chap. vm 
NI the Complement of the greateſt La- 


As Radius . lc. Angle BPA : T. Hypot.PA . Tic. Leg, 
95 god. 1 37d. 30m. 


4. Let fall the Perpendicular PB, which 


the Scale of Tangents, is the 
Arch's greateſt Latitude. — 


g. Then draw Lines from P, each 5 D 
A, as Pd, Pe, Pf, Py, Ph, Pi, Pk, Pl, and 
- on, ad axed 6 ef Rane Ba f, 

6. Meaſure Pd, Pe, Pf, &c. on the Scale 
i ſheweth the Complements of de Tame of the Arch, # 
the reſpective Plices d, e, t, r. 
| Theſe are found (by Spheric Trigonometry) after this man- 

per: The ſeveral prick'd Lines Pd, Pe, &c. are fo many Hy- 
— to as many Rectangular Sphezic Triangles, which 
have one common Leg BP, the Complement of the Arch's 
greateſt Latitude. 

Now in each of theſe Rectangular Spheric Triangles, there is 
given a Leg, and its adjacent Angle, ents i wb 
that is, in the Triangle d BP, there is given the Leg BY 
Ange aba, e be 4, and nh th te 


n And 


. 


Chap. vm. Great Circle Sailing. * 


continual Subtraction of 5 Degrees from the Angle BPA 234d. 
53m. half the Difference of Longitude, till the Remainder be 
leſs than 5 Degrees, which being taken out of 5 Degrees, and 
to this laſt Remainder add 5 Degrees ſucceſſively *cill the Sum 

d. m. 


exceed not 23d. 3m. That iz; 
d.m 


"Ms .n 

Then to the Augle BPh ot. o/ 
Add the Angle — bPi 05.00 
Ren — 11 Bek 11.07 


Spheric T rigometry ReQungular, in pages 137, and 
veral Latitudes of the Arch, which are by this Proportion. | 
As Radius, is to the Sine Complement of the Vertical Angle; 
So is the Tangent of the Arch's greateſt Latitude, to the 
Tangent of the Arch's Latitude at the reſpective Places. Or, 
As Radius -- E.c,BPd, BPe, c.: : T.c. Leg BP · Tc. Pd, Pe, &. 
ASS. god. . $.71d.o7m, : ; T. 5 ad. 30m, -. T. 50d. 58 m. Lat. at d. 
23899 —— a 


And the ſeveral Angles B bd, BPe, G. are found by a | 


194 Great Circle-Sailing. Chap. VIII. 
Firſt and Third Terms in each Proportion are the fame, and Ra- 
dius being the Firſt, it follows. 

That to the Tangent of the Arch's greateſt Latitude, add the 
Sine Complement of each Vertical Angle, and from their Sum 
abate Radius, the Remainder is the Tangent of the Arch's Lati- 
tude at each Place required, As for Example. 


d. m. 
Ar.greateſt Lat.52.30 Tang. 10. 115019 
6 1 
70.0909 Tang. 30.58 4 
| 7607 Sine 9.987124 j 


8. 
E 
— 


18.114939 
4 83,53 Sine 9.997520 
| 10.112539 Tang. neces 
| 18.53 Sine 9.991774 


10.102143 Tang. 51-4 9 
| 85.07 Sine « 9-99475 | . 
10.109778 Tang, 52.10 f ff 
3 © 9.999002 — | | 
388 10.114021 Tang. 3 jel; 
cal Angles, < 88 53 Sine 9.999917 Z©£&4 


Latitude of the Arch 


— 


10-105793 Tang. $1.59 


* 


7353 Sine 9.282587 

70.9060 Tang. 31.23 [1 
| 68.53 Sine 9.969811 3 
&: — 228 Tang. * U 


the Courſe and Diſtance of the aforefaid 
the Latitude and Longitude of them ; this 
4- Section 3. Problem 2. of Mercator's Sail- 


. To find the Courſe and Diſtance from A to d. 


given the Latitude of A od. com. North, and of 
m. North, with their der Diferchce of Loge 5 
Minutes s Weſt. | 


* 


er 300 


Chap. VIII. Great Circle Sailing. 195 
Fheir Meridional Difference of Latitude (by the Table of 
Meridional Parts, in Pages 310, and 314) is 92 Minutes; 


Therefore, | FR Y 
As Merid. Dif Lat. -- DE Lang, - ;Radi a T. of the Courls 


| Minutes. 300 Min. d.]. -S. N. 
S eie * 


—— 


AsS. c. Courſe „Diff. Lat. : : Radius .. Diftance. 
AsS. 16d. 53m. . 58 Min.: S. god. . 200 Min. from A to d. 
After the fame mar ner fin the Courſes and Diſtances from 4 
te, from e do f, Sc. as follows. 


„ the Proportions are; 


d. m. 
in.. 200 Min.:: T. T. 7 02 NW. fromd to e. 
— — ogg 776 from e to f. 
— — 338.5 NW. from g to 
— — SW, from h to i. 
76 — * 
As 53 Min. 166 Min.: 55 Tal mW mas 


For the Dit: nces, the Proportions are, 


As 8. 12d · 8m ·· 43 Min : : S. god. -- 192 Min. from d toe. 
8d.54m - 29 — —— d —— MC tof. 

- 44.58m-- 16 nommmns — . to g. 
1d. 14m. 4 — — 1.86 from g to h. 

2d. 45m. 9 ——7187——rrfrom h to i. 

6d. 52m . 22 —— fr i to k. 

tod. 46m .. 36 —— =— 1093-——from k to l. 
14d. 34m ++ 49. —194——from 1 to m. 
17d. 42m. 34. — — C. 


Which place orderly 2. the Table following, 


As 69 M 
q 
6 
N. 


37 — — 


Places 


8 — 42 IN 55.02 W 
3 — [3645 | £9. am: — 
270 3682 Nase 


52.26 
bit 523913714 — 
? 2-21 700 
* 51.59 303 


3708 


; 2 5 % 
8. 


17 


: 10. of Mercator's Sailing, in page tot. wich thi 


of Jil 


— Latitudes, 
Diſtance in the 4rch of « — cd hs 1 run 
| in Great Circle Sailing, 


Note; When two Places differ both in Latitude and 


*»x- ASS AS THY 


- S060 s Oo ooo coo 40s 4 44 


wh 


Chap. VIE. 197 
Theſe three kinds of Places, differing doth in Latitude 2nd Lon. 
gitude ; how to find their Diſtance in the Arch of 2 Great | 
hath been ſhewed in Chap. 7. Section 2. Caſe 3. Problem 6, 7, 
and 8, of G hs. © a 185, =_ 187 and 188. But 
t fed the Aaiies of Follies and Ghan elſe is requiſite in Great- 
Circle-Sailing, » the Work of he tree Borg Problems 


Caſe 3. The firit kind, One Place under the Equater 3 the other - 
* And, or South Latitude: & for Example. 


Problem 2. Suppoſe the Lizard, and the Entrance of the River 
Amazones; I demand the Angles of Poſition ? the great Cir- 
cle's Diſtance between them ? Latitude of the Arch at every 
10 Degrees Difference of Longitude ? with the Courſe, and 

Diffance of each of them, according to Mercator? 

W 

2s follows | 


of G apby, in page 186. And here Note ; That, | 
1 Plate 6. Fig. 1. 
r. Z repreſents the Lizard. 
2. N the Entrance of Amegon River. 

9 Saen 
4. their Difference of Longitude 42d. 40m. 
5. Angle of Poſition at the Lizard. 

= * „* 


6 — 2 — Pac hang Lunt 
d ME 


* | As 


- And 


| eculars to as many ſeveral R 


NET ER EW 
As Radius 8 Lag KZ. Te. Lg AN. . Te. Angle KZ. 


AsS od. Ad —2 T. 47d. 20m... T. 30d. 44m. 
Which ſubtract from oom. 


Refts the Angle of Poſition at the Lizard— 30. 76m. 


again, 
As Haites is to the Sine of the Difference of Longitude 
| of the Lizard's ae w $ = 


s Radius .. S. Leg KN: :T.c. Leg AZ. T.c. Angle ENZ. 
As S. god... S. 42d. 4om.: : T. 40d. oom. .. T. 29d. 38m. the 


Z ms wy which ſub. from god. oom. 


Reſts the NZ. tod 22M. 
For the ZN the Great Circle's Diſtance between 
them that's found (by Chapter 7. Section 2. Cate 3. Problem 


6. of Geography in pages 185, and 186) to be 61d. 48m. or 


3708 Minutes. 
To find the Latitude by which the Arch ſhall paſs, at every 


10 Degrees Difference of Longitude, from EZ repreſenting the Li- 


zard, obſerve the following Stereographic Projection on the 
Plane of the Equator. Plate 6. Fig. 1. £2 

1. Deſcribe the Primitive Circle, on the Center P, which 
repreſents the Pole of the World, through it draw the Right 
Circle PZE, — — the Lizard, and fiom 
II þ complement of it's Latitude 


2. On the Primitive Circle lay 42d 4om. the Difference of 


3. Through Z repreſenting the Lizard, and N the Entrance 
of Anarones River, draw a Great Circle, as ZN. 
4. Draw the Right Circles Pf, Pg, Ph, and Pi; which are 
Merid ians, anc] cut the Arch ZN in a, b, c, and d, the re- 
ipective Places whoſe Latitudes are required. 


5. Meaſure af, bg, ch, and di, on the Scale of Hatf- 


Tangents, (the contrary way) and it ſheweth the Latitude of 
09 TE GE PILL x and to find them, 


By Spberic Trigonemary.. 8 
| The ſeveral Right Circles af, bg, &c. are ſoamany Perpendi- 
Spheric Triangles, which 
have one common Angle ANZ, the Complemeat of the Angle 
3 which is in the Equator, 


Now 


Longitude from A to N; alſo lay ro deg. from Æ to f, from 
frog, an ſo on to i. 


T3 


oppoſite to the given 

Triangle af N, there is given the Leg f N, and Angle aNf, 

find the Leg af, eg 

And the ſeveral Legs N f, N 38 a 7 

Sub traction of o Degrees from the Difference of Longitude, 

the Remainder be lefs than 10 Degrees. The Remainders 
— and are thus found. | 


d. m. 
From the Ach N 42. 40 ti 
Subtract the Arch Ef 19.00 | 


As Radius, is to the Sine of the Vertical Arch ; 
So is the Tangent Complement of the Angle of Poſition (at 


hs Redkes - 8. Nf, Ne, E.: T. Angle aNf-- T. Leg af, bg, G. 
AS. 90d. S. 32d. 40m. : T. 60d. 2am. T. 43. 30 3 
22 | 40 — coo— 22631 


3 % ˙t⁵?% — I. 
2 40 mm — — — 

I have calculated the Latitude of the Arch for every 10 De- 

grees Difference of Longitude, but by the fame Method the 

unn 

more exact. 

The Courle and Diſtance from each of theſe Places are found 
(by gens er 4. Section 3. Problem 2. of Mercator's Sailing, in 
pages 93 and r 
Problem, and is as followetb. | 


For the Courſes, the Proportion 
As Mer. Dif. Lat. - Dif. Long. : : Rad. - — Courſe requis. 
an — N. — * from Z to a 


een eee —— 9 b to e 
c to d 
99 


1014 


abt hin. 160blin.: . -T. f 


2. For the Diſtances, the Proportion is, 
As c. Courle - bur Lat: 1 ++ Diſtance required 


— 731 a to b 
— b Rf 


zam. . 9384 — 141 e to d 
60d. 21m. .. 28 1kü'—ęꝰc òy GL d to N 


This may ſerve for a ſuffic ient Explanation of this Problem, 
aw whole ain he Tale following . 


| Sars —2 . — or 600 6-2, 5 


d 04.4r| 28 — | 
| (fg * 281 2:40 or 760 4-41 20 Full 
| ; 1 | _ The wnole vnitance 2 


- 3706 6 | 


> de; | The ſecond kind ; Both Places is North Latinde, 
4 , both in South Latitude, as for Example. | 

Problem 3. Suppoſe the Lizard and [land Barbadoes : 1 demand 
the Angles of Poſition ; the Great Circle's Diſtance between 
them ? The Latuude of th Arch at every 10 Degrees Diffe- 
rence of Longitude ? With the Courſe, and Diftance from each 
8 according to Mercator? 


he Latwade, and Lengiote « Gu om, hats © 
L- { JU Y. 0, 
— A $2.40 W. 8 


the Iſland i 


A-: 


TIF 2 their Dees of Longitade, $2 de- 
PZ) ) the Lizard. 


The Side ZL the great C 
f the Ang PZL and PLZ, (by Chapter 5. Seftion 3. 
Problem . Caſe 7. of Spheric Trigonometry Oblique, in Pages 
145-) the Proportjons are theſe ; 


wo 2 
"y "5 
8 
, Ne 
- WARNS 

N # 
n 
= 
AN 


br 
8 


3 2 54 
3 1 to the wgent of 

of Poſition. Again, 
| As the Sine C 


= 3h fr? 31 
Poſition. But ſhorter thus, 
AsS. f Sum fedes -- S: their diff. : : Tc. ZPL.. 88 2 
— © VEEAIES $4 LO 2d. 40m. 


. e . . e. f ZL. 2 Sum Sg. 
8. 24 1 K 744. — 


Tr | | 
ſtance in the Arch of a great Circle. 

To find the Latitudes by which the Arch ſhall paß, at every 
19 dg Difſerence of Longitude, from Z repreſenting the 


* 


Lizard, deſcribe the Problem Gnomically, 
parts of it will be right Lines, which is thus dane. 


The Problem Enomically delineated. © 


ww 


denn a the Tangent 40 
eee * | 

to the Tangent of 77 Degrees, Comple- 
> of as La * 


4. Draw the Line LZ, which is the Great Circle's Diſtance 


Z; as Pa, pe, Pd, Pe, and Pf, which are Meridians, each 
nn and from each other. 
. Meaſure Pa, Pc, Sc. on the Scale of Tangente, and 
it eth the Complements of the Latitudes of the Arch, at the 
reipectiye Places, a, c, d, &c. 
Theſe are ſound by Calculation after this manner : 
Frſt. In the Rectangle Spheric Triangle PBZ; __ is 
Hypot, PZ god. com. 
gren the Lage PzB (0d. ION. Le find he} Ke BPZ. 
Which, by Chapter 5 Section 4. Problem 2. Cafes 4 and 6. of 
82heric Trigansmetry Ro-tangu ar, in pages 136 and 1 37, it's thus, 
1. For the Leg PB, the Complement of the Arch's greateſt 
Latiivud-, n', thus; 
| As the Rad dba is to the Sine Complement of the greateſt given 
itudc 
So h te Sine of the Angle of Pofition (at that Phce,) to the 
tie Complement cf the Ach greateſt Latitude, That is, 
As Radius - Hypot. PZ: : S. Angle PZB--S. Leg PB. 
AS. god. S. god. com. : &. 68d. em. 222558 — 
being ſubtracted from ꝛͥ - god. oom. 


_ ihe Arch's 5 8d. 22M. 

a For the Verticel Angle PBZ, it's thus ; 
n of the greateſt given Latitude; 
£ = the Waagen of the Angie of Polliben far thet Fines.) ts 

tc Tangent of the Complement of the Vertical Angle, 2 


1 


mt. to find the ſeveral Latitudes of the Arch 
d, &c. you may conſider, that the ſeveral prick'd Lines 
&c. are ſo many Hypotenuſes, to as many ſeveral 
Spheric Triangles which have one common Leg 
plement ot the Arch's greateſt Latitude. 

In each of them, there is given a Leg, and it's 
' 10 find the Hypotenuſe : that is, in the Tri 
given the Leg PB, and Angle BPa, to find the Hypotenuſe, ＋ 
and ſo in all the reſt. 

And the ſeveral Vertical Angles B Pa, BPc, BPd, r. 
NN r0 Degrees, to the Angle 


rence of 


To the Angle BPZ 27-37 | 
| Adi thy ES 10. 


772 
Proportion being the ame bo 


"I Dit Kan the V 
$0 he Tangent ofthe Ach gra Latte, 1 
gent of the Arch's Latitude required. Or thus; 


As Rad. . 8 Co. BPa,BPec, &c. : . pe, & 
— 9 5 T. 52d. zam. T. 46.49 , I 


— 2 
23m — — 21 — 1 

32d. 2 zm 35 46 Lit. of 4 

„ conn 2 SO" 


Which Ladtude, phe in th Tibet, 


Coral Gref Sorting, 


10 or 6.0) $39 
— or 625 11028 


Mer. w_ 2 — F long SED te Cre 
As Cong. :: 0 


* 
by 


Chap. VIII. | Oreat Circle Sailing, 0s 
| every io Degrees Difference of Longitude ? the Courſe and Dif- 
ance of each according 4% Mercator? 


The Latitude and n 
2s follows; 


— ey is 2 1 or | 


Eſperance, in Letitude 
te PZ the Complement of the {tute of C. Cod, 


PD, the Diſtance of Cape Bone Eſfderance, from 
3 
1 26m. 


5 5. The Angie ZPD their Deter of Longiale, , $44. 55m 


Cod 
p52 N we Angle of Poſition at Cape 4 E/p 
ese 
For the Angles PZ D and PDZ, (by Chapter 5- Section 5. 


Problem g. cr. in Page 144 and 145, the Proportions are, I 


1 d. m. 

Tube Sum 222 15 The half um 86 07 
The Diff. > 35 Thehalf Diff. 38.27 
ASS. * Sum fides -* S. their Diff. :: "Df dans 
As S. 86d. re d. tom. 


. 43m. - ————— 5d. 29m. 


.ZPD.. 


Equator, and then all the Meridians will be 
To delineate the Problem — . Plate 6. 


| As Radivs-- S. c. Hypot. PZ: : T. Angle PZB- Tee. Angle BPZ 
s. god. 8. 4ad. vom. :: T. — - | 
— — 
Refts the Vertical Angle BPZ ——— . 


— —— — —' — — — — 


mo 5 the Difference of Longirade Chapter 5. 
2 — = =» — 5 ee a 
2. to 
the Complement of the Latitude of Cape Cod. * 


which ate lender ach 10d. of Low 
Cape Cad. . 


1 refpedts like the Work of the laſt Problem. 
Firſt, K 
2 Compuanent 1 — 


et. PZ : 8. Angle PZ B. 2 


— 8. bod. 21m. 8. om. 


Reſts che Arch's greateſt Latitude — 49d. Sqm. 
2. For the Vertical Angle 


$:candly, For the feveral Latitudes at 
the Angle BPZ (in Contmuation) Eight times, which 
„ Bra, Ne, Na, BPd, Tc, | T 
10 


18m. 
©, d, &c, add red. s 


Chap. VIII. 
d. m. [i 

To the Angle BPZ —— 40.18 | 

Add the Angle ZT. ——10.c0 


80 is the Tangent of the Arch's «. way." 


gent of the Arch's Latitude 

As Radius - Sc. Bra, BPc, &c.: eL BP: : Te. Pa, Pe, ra. 

Ee. 

ASS. 90d. $.29d.42m. : Lege 
29d. 4 2m. 
190.420, ———— 1205 E 
©09d.42m. — — boon e 
Cod, 18M. ———— -————— C021 F 
1d. 18m. ————— 11.59 8 
20d. 18m. | => 4 
30d. 18m. ———— 3-56 1 


Thirdly For the Cuurſes, and Diſtances, they are found by 
| Chapter 4. Section 3. Problem 2. of Mereator*s Sailing, in pages | 


93, and 94, as follows, 
For the Courſes, the Proportion is, 


Mer. Diff. Lat. -- Diff. Long. : : Radius + T. Courſe. 
As 389 Min. n.: 5 456. —T. 57d. 3 mSE. from Z to a 


485 * | — ————$514.,03zMm, a toc 
578 ———— — — 2 50 to d 
bog — — — 42d. 16m d to e 
704. — . — —— 4d.6m. 8. E. Je to f 
702 —— — — — 40d. Zim tom If to g 
655 — ——-— — — n Ig to h 
574 — 46d. 16m h to i 

As a9 Min. 55 n. : 177 45d. T. 49d. Som it D 


2. 6 2 
As 8.e. Courſe -» DIE. Lat: : Radius -» 


2 ar z CSESHEASEOSE 


Ss ale asg, 


, 


— 


g's - N 

hit RL —— 22 — 

8 
* 


* 
2 
- 
= IS 4.4, 


i 7 


99 V<<.. 
24 2424606 
22 25 
Se 2 * 
— N 5 
% 4, U 8 
| 8 a 
8 Rd 
— 2 
= 


4 
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+ 
" — 1 — — — 2 — — —— — — — my — u— 
—— — — ̃ — « —— — oe — —— — > oe — * — — — —— ——— * — — 
4 . * — hy 7 *— 5 Y I IE _— * — oY — . — . —ñ— 
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e nad Diſtances from each other 6 
at any Time thoſe Lines may be wiped out, and the Chart ſit to 
ſerve-at any other Time, or for any other Place. 

So that any Problem, being thus drawn, in a Mercator Chart, 
the nearer the Ship fails to it, the nearer to a Great Circle the 
makes her Way and conſequently the ſhorter her Paſſage ; 
this being the only Thing Great-Circle Sailing is uſeful for, of 
which I have ſaid enough to explain it. 

Thus is finiſhed the Third Part of ion, or the Third 


Jes of — and now we pals on to 2 


CHAPTER IX. 


Spheric Trigonometry ed Aftronomic 
Problems, uſ:frl 22 rs a Wn 


WHAT 2 Sphere or Globe is, and the CirCles kk 

drawn on it hath been taught (Chapter 6, Section 2, and 
3) in the Deſcription of both Globes: But how theſe are drawn 
on a Plane, and form divers Triangles, (form whence Multitudes 


of uſeful and pleaſant Problems may de framad,) is cur orkut 


Work. 

Section I. Aftronomic Definitions. 
T's Cocks drawn upon the Sphere's Surface, are either 
| Great, or Leſs Circles. 

I. The Great Circles, and their Poles d 

Great Circles, are thoſe which divide the Globe, or Sphere 
i two aud Pow r 
— 32 * _ 

t 

t. The Equino#ial, is a Great Circle which lies in the Mid- 
th, (nan Ge tow Pe of tn Fa, OD 
each Pole is go degrees diſtant from it, cutting all Meridians ar 
Right Angles, and divides the World into the Northern and 
2 Circle KAN. in Place 7. 

and 2. 

Poles of the World are two fixed Points in the Havens, 
diametrically oppoſite to each other, the one in the Northern 
Hemiſphere, called the {Artic or) North Pole, the other in the 
Southern Hemiſphere, called the (Antartic or) South Pole, as P 
and I. Plate 7. Fig. 1. and 2. 

The Axis of the World, is an imaginary Line drawn from Pole 
to Pole, about which the Diurnal Motion (as luppoled) from 
Eaſt to Welt, i perfurmed ; as PAL 

0 2. The | 


| 210 — —Chap. IX. 
nf The E. is Circle the Equinoctial in 
Fo — wy 5 _——— —— Libra, mak- 
ing an Angle (called > (gay) & 234. zom. as the Right 


f Circle, S AW. Plate 7. Figure. 

q This Circle is divided into Twelve equal Parts called Signs, 

"it each containing 30 deg, whoſe Names and Characters follow, 
Il 

[Fi 

{i 

il . | | 

i | The Zadar, s Zone or Girdle, having eight Degrees of 
|| Latitude on each Side the Ecliptic ; in which Space, the Planets 
wake their Revolutions, being divided and diſtinguiſhed by the 


Twelve Signs. 1 

The Poles the Eclidtic, are two oppc 2 
titans from the Pale of the Won . as K and L. mo 
The Meridians are great Circles, _ 2 doth 
Poles of the World, and croſſeth the Right Angles, 
$31 * and PMI, S. Plate 3. 2. r.. 
1 The Colures, are "two Meridians dividing the Equinoctial and 
'| Buldede inns ther axed ome one of theſe paſſeth by the Equi- 
voctial Points, Arier and Libro, and is called the EquinoCtial 


7 a F — 
— ä—ä— — — — n ,—— nn OO SOTO 
— 2 2K örc Cc — 


Colure, as PAL. Plat 7. Figure. 

10 The other paſſeth by the Beginning of Cancer and Capricorn, 
1 . 26 PS AIWwQ. Plate 7. 
it The Sun's Meridian, is that Meridian which paſſeih over the 
\'} Sun's Center. 

170 A Star's Meridian, is that Meridian which paſſeth thro” the 
| Middle of that Star. 


4- The Horizon, is a great Circle go deg. diſtant from the 
Zonth and Nadir, cutting all Prawns at Right Angles, and 
* Feividing the World into two equal Parts, the upper and viſible 
' Hemiſphere, and the lower and inviſible Hemiſphere. Fhis Circle 
i repreſented by the Right Circle SAB. Plate 7. Figure 2. 

The Zenith and Nadir, are two Points diametrically 
|  fite, and are the Poles of the Horizon : The Zenith is the 
tical Point, or Point . The Nadir 


ns — — 
—— — 


—— — — — — n — — — —— 


_ 
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1 j 94 


Cancer, and is 


+. 
. 


divide the Sphere into © 


— — are drawn parallel to ſome great Circle, 


and therefore are called Parallel Circles ; and are of three kinds, 


Tropic, paſleth by the beginning of 


4 „ 


IE &) 


5 


viz. Parallels of Declination, Parallels of Latitude, and Paral- 


leis of Altitude. 


g. Plate 7. Figure the ff. 


the Tropic of Capricorn, 3% hi. Plate 7. 


is called 
eff. 


hat which is accent to the North Pole, is cal 
tic Girdde; as K no: and the other the Antartic Ci 


1 3 & 23 8 24 121 8 4 132 488 


Altitude, are ſmall Circles 


:rallel to the Horizen, -imagined to paſs through every Degree 


0 my 2 


% 


and Minute of the Meridian. between the Horizon aud the 


Zenith; as alt. Plate 7. Figure 2. 


831 


Or elſe, | 


212 MAfronomic Problems. Chap. IX. 
"Theſe Definitions compar'd Ps 4. (ot 
the Uſe of the Cceleftial Globe, in pages 168 ad 169.) and 


well conhder'd, wil make way for the underſtanding the fol- 


lowing Problems. 


Section IL. Sphevic Trigenemerry ReBanguler, applied in Aftro- 
nomic Problems, uſeful in Navigation. 


AND becauſe the Sun's Place in the Ecliptic, is the ground 
of the ſucceeding Problems,) have hee (out of Ad. The, 

Street's Memorial Verſes on the Ecclefiaſtic and Civil 

a General Rule ; U 

as follows. 


r. To know the Day of the Month the Sun eres wn oft 
Twelve Signs. 
The Rule, Twice g, twice 10, 4 Twelves, 113 
Then 10, then 9, then ® or 7: 


2 
of the Sun's Place on any given Day. 
Day of the Month given, (if you can) 
Day of his Entrance into the Sign of that Month, 
the Remainder is the Degree of the Sun's Place in that Sign. 


When you can't ſubtract, add 30 to the Day given, and from 
the Sum ſubtract the Day ©! rhe Entrance into the Sign of that 
Month, the Remainder ſhall be the Degree of his Place in the 
Sign preceding the Month given. 

Example i. March 20th, I defire to know the Sun's Place? 

From March the 20th, the Day given, ſubtract the Sun's 
Entrance, V March 9. 

The Remai:der 11 is the Degree of the Sun's Place in F. 

Example 2. Mz tne 4th, I defire to know the Sun's Place? 

Jo the Day, gioen Adp the 4 . 


i — 26 Tom whith 
Subraft the Sun's Ter into K May 10 


a Oe! ' > 28 Ah — 


— The Sunn Place in the pp 
| Declination given; to find his Right Aſcenſion, and preſent 
Declination. 
Definitize 1. Mrafien, is the Rifing of the Sun, Star or any 
part of the Equinodtial above the Horizon ; and Deſcenſion is 
the Setting thereof. | 
2. Right Aſcenſion, is an Arch of the Equinoctial, intercepted 
between the beginning of V, and any Meridian, and counted 
according to the Order, or Succeſſion of the Signs: Or, it's 
that Degree and Minute of the EquinoCtial (counted as before) 
which cometh to the Meridian with the Sun, Star, or with any 
part of the Ecliptic; as A M. Plate 7. Figure 1. 
3. Declination, is an Arch of a Meridian contained between 
the Sun, or Staro Center, and the Equinoctial, as MC. 
i R een oboe eg reg 
Colure, contained between the and the Ecliptic, and 
is equal to 23d. 30m. as A S, and Qyp. Plate 7. Figure t. 
E xample. 3 I demand his Right 
Aſcenſion, and Declination ? 
ru Spheric Triavgle AMC. Plate 7. Fig. 1. 
1. AMC the Right Angle. 
2. AC the Sun's Longitude from the next Equincctial Point. 
3. AM his Rignt Aſcenſion from the fame Pont. 
4. MAC the Sun's greateſt Declination, equal io 23d. 30m. 
5. MC bis preſent Declination. 
Nate ; The Sun in VT, 8, 1, W, =, X, the neareſt Equinoctial 
Point is the beginning of T: But when the Sun is in S, M, N., 
n,, or , the neareſt Equinoctial Point is =. 
So that in this Problem, the Sun being in 8 24d. 15m. he 
"To u 5m. from the neareſt Equinoctal Point V. 
Wd + - this Problem Stereagraphically on the Plane of the 


1. „„ 0000 Degrees, 
and quarter it with two Right Circles, AA Q (the Equinoctial) 
and PAI (the Equinoctial Colure) placing A at its Center, which 
now is the Solſtitial Colure, 

2. Make (by Problem 2. Caſe 1. of Spheric Geomeery, in bage 
112) the Angle EA & equal to 23d. 30m. (the Sun's _—_ 
Declnation) by laying the Chord & is, from K wS, and 
drawing the Right Circle & A yp the Ecliptic. 

3- The is divided into the 22 Signs, each 3od. from 
the Scale of Half-Tangents, by Proolenn 6. Cale 2. of Arie 
* in pages 116 and 117. 
02 4 On 


. - 1 — — - — —Ahͥũü— * 2 
— — —_—  —_— —_— * — — — —_ - — 
— — - — 
— — ̃¶ ü —— . 


— —˙— — — 


— 
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4. On the Echptic make AC 
Scale of Half-Tangents) by the 


to 54d. 15m. (from the 
Problem 6. Caſe 2. | 
5. Then (by Chapter g. Section 1. Problem g. Caſe 3. of Sphe- 
rie Geometry, in Page 115.) draw from © a great Circle per- 
pendicular to TAO as is the Oblique Circle PCMI, to cut 
AAQ in M. and it's done. 
For in the Rectongle Spheric Triangle AMC, the Legs AM, 
and MC are the two Things required, 'and may be meaſured by 
Chapter 3 Section 1. Problem 7. Caſes 2 and 3. of Spheric 
Geometry i in Pace 118. 

But by Spheric Tr igonemetry, having the Hypotenuſe and 
one Angle given, the Proportions are-as follow. | 

1. To find the Sun's Right Aſcenſion, dy Chapter 5. Section 
4. Problem 2. Caſe 5. of Spheric Trigonometr } * Rectangular, in 
Pages 336 and 137, it's thus ; 

As the Radius, is to 222 e ang 


eſt Deciination ; 


So is the Tangent of the Sun's Longitude from the neareſt 


Equinoctial Point, to the Tangent of the Sun's Right Al- 
cenſion from the faid Point. Or thus; 


As Rauius -- S. c. Angle MAC: : T. Hypot. AC --T. Leg AM. 


As 8. god. . 8. 66d. 30m. :: T. 54d. £5m. ++ T. 5 d. 32m. 
Note; This Proportion finds the Sun's Richt Aſcenſion only 


ben he is in the firſt Quarter of the Ecliptic ; that is, in Y, 


, or u: But when the Sun is in the ſecond Quarter S, AM, of 

TW, it muſt be ſubtracted from 180d and when he is in =. mn, 
or ,t muſt be added io 180d. and in the laſt Quarter yp, , Or 
Ye, that f und by this Proportion, muſt be ſubtracted from 
3 od. and fo will you have the Sun's Right Aicenhon from 


V, (for any Place in the Ecliptic) defired. 


2. To lid the Sun's preſent Declinatien, by Chapter 5. 


Section 4. Problem 2. Cale 4. of Spheric Trigonometry ReCt- 


angular, im Page 136, it's thus ; 
As the Radius, is to the Sme of the Sun's Longitude from 
the neareſt Equinqctial Point; 
So is the Sine of the Sun's greateſt Declination, to the Sine 
of the Sun's preſent Declination. Or thus; 
As Radius . S. Hypot. AC: : 8. Angle MAC. 8. Leg. Mc. 
As S. god. .. 8. 54d. 15m. : 8. 23d. 3zom. 8. 184. 51m. 
Nate; The dun being in any of the Nothern Signs, T, 8, H, S, 
A, or N, his Declination is North; but when in- any of the 
SouthceinSans =, M, , v, , or &, bis Declination is South. 
In this Rectangle Spheric Triangle AMC (Plate . Figures 1.) 


1 may is two ſucceeding Problems be reſolved. | Prob 


dect. P g | Alt: y Iroble 
Problem 2. The Sun's Right Aſcenſion given; to find his Place 
in the Eclipric, and his Dedlination? 

Example. The Sun's Right Aſcenfion 128d. gm. where 1 
Place in the Ecliptic, and what is his Declinetion ? 

Here is one Leg and its adjacent Angle given; to wit, the 
Leg AM 51d. 5 rm. the Right Aſcenſion cubiratted from 180d.) 
and Angle MAC 23d. 30m. the Sun's greateſt Declination; 
which Triangle is made by Problem 12. of Spberic Trigonometry 
Geometric, in page 125. and it's Solution is by Chapter 5. Sec- 
tion 4. Problem 3. Caſe 7 and g, of Spheric Trigonometry Rec- 
tangular, in Pages 137, and 138, thus; 

1. y the Sun's Place in the Ecliptic, it's thus; 
T.Leg AM » Radins : : S. c. A MAC -- T. c. pat. AC. or 
As Radius -- S. c. Ang. MAC :: T.c.Leg AM -- T. c. Hyp. AC. 
As S. god. . S. 66d. 30m. : T. 38d. m. T. 35d. 40m. 

Which ſubtract from 90d. oom. 
Reſteth the Sun's Longitude Lian 
wanting of = ; fo that his Place is 5d. 46m. in A. 
2. For the Sun's preſent Declination, it's thus, 
As T. c. Angle MAC -- Radius: :S. Leg AM -- T. Leg MC, or 
As Radius - fy : T. Angle MAC "oY MC. 
8. 90 51d. | T. 236. 3om. * 


Example. The Sun's Declination 16d pany un 
1 demand his Place in the Ecliptic, and his Right Aſcenfion ? 
Here is a Leg and its oppoſite Angle given; that is, the 
Angle MAC 23d. 30m. the Sun's greateſt Declination, and the 
Leg MC 16d. 39m. his preſent Declination, which Triangle 
is made by Prob. 13 of Spheric Trigonometry Geometric, in page 
126 ; whoſe Solution is by Ceap. 5, Sect. 4, Prob. 4, Ciſe 10 and 
12. of Spheric Trigonometry Retiangular, in pages 138 and 139, 
thus; . To tind his Place in the Ecliptic, it's thus; 
8 god. :: & 164. 39m. = 5. age. e 
As S. 2 » & : 3 S8. 16d . 45d. 56m. - 
0 — becauſe ks Declirarin is South 
increaling ; ſo that the — Place is 56m. in . 
| 2. For his Right Aſcenfcn, tis thus; 
rler 

4d. I. 66d. 30m. : T. x -- 9. 436. 2 

To which add — 4 4 | 
The Sum is the Sun's Right Aſcenfion — 7336. Zn. hm v. 


216 Aſftronomic Problems. Chap. IX. 
| Problem 4. The Latitude of @ Place, and the Sun's Declination 
giv-n; to fiud the Sun's Amplitude, and Aſcenficnal Difference. 
r. La itude of a Place, or Latitude upon the Earth, 
is an Arch of the Meridian of that Place, contained between the 
Zenith (ot that Place) and the Equinc ctial. as Z; equal there. 
_ unt© is the Height of the Pele above the Horizon, as BP. Plate 
7 Gy the 2d | | 
2. Amplitude, is an Arch of the Horizon, contained between | 
the Ecliptic and the Equinoctial, and ſheweth how far the Sur, 
or any Star riſeth, or ſetteth from the Eaft, or Weft Points 
of the Horizon; 2s AR. Plate 7. Figure the 2d. 
3. Aſcen ſional Difference, is the Difference between the Right 
Aſcenſion, and the Oblique Aſcerfion, or De ſcenſion: Or it's 
| an Arch of the Equinoctial contained between the Hour Circle cf 
fix a Clock, and on Meridian which poſſeth by the Jun or 
Star's Center, or any Point of the Ecliptic, i in cheir Niſing, © or in 
their Setting. 
4 Ouligue © Hufe, 2 is an Arch of the Equin oftal. con- 
tained between the beginning of V, and that part of the Equi- 


| nectial that {ned} with the Center of the Sun or Star, or 


| 

| 

: 

| 

| 
1 
| 
1 


| Setteth 

with any point, part, or portion of the Ecliptic, in an Oblique 
Latiti ude 81 | mY R . 
Sun's Dec. 23 3 C North given; What #s BS N Aicenf, Differ 


1 In the Rectangle Spheric Triangle PBR. Plate 7. Fig. 2 
N . PBR the Rectangle. 

1 2. PB the ena or Height of the Pele above the Horizon. 

10 3. K the Complement of the Sun's Declination. 

| 4. BX the Complement of the Sun's Amplitude. | 

19 5: BFR the — of the $u2's Aſcenſional Difference. 

| © pr: ject it ſtereographically on the Plane of the Meridian. 

| 1 The Primitive Circle being deſcribed and queriered (a: 

formerly) with two Right Circles SAB the Horizen, and 

de Prime Verticle; with A at its Center. Plate 7. 
2. On the Primitive Circle, lay the Latitude 51d. zum. from 

B to P, and from Z wo E, (by Problem 6. Cale 1. of Spheric 

Geometry, in page 116) and draw the two Right Circles PAI 

for the Axis of the World, or Hour Circle of Six, and A 

e Equinoctal 


| 3 Then 


vw. > wm GW my 


*:ven Declination) from it, to cut as 


_ the 3 F 
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Place of the Sun's Riſing and Setting. 
4 Through P, R. and I, dra 


— 54 in pages 135 : 
t. —— — — a 
4s hs fie Cant of oe Fat is to the Radius; 
So is the Sine of the Sun's Declination, to the Sine of the 
Sun's Amplitude. Or thus; : 
As S. c. Leg BP. 13 e Leg BR. 
As S. 38d. 28m. - 230 8. m. 
82 The Amplitude and 122 

that is, both North, or both South. | 

2. To find the Aſcenſional Difference, the Propertion is; 
As the Radius is to the Tangent of the Latitude 
So is the Tangent of the gurt Declination, to the Sine of 
the Sun's Aſcenſional Difference. Or thus ; | 
28 -» T. Leg BP: T. c. Hyp. PR -- S. c. Angle BPR. 


T. 45d. T. 51d. zam: : T. 2 8. IIm. the 
. 2 —— 8 


Problem 5. The Latitude of a Place, and the Sun's Declination 
yd ta fina his Aſcen/:on, or Deſcen/ton.. 
The Rule. 1. Find the Sun's Right Aſcenſion by Problem 3, 


8 


and the — Difference by Problem 4. Then, 
2. When the Latitude and 6 ny whe are both North, or 
hath South, the Aſcer tional Difference added to, and tubtrat- 


ed from the Sun's Right Aſcenſion, the firit is the Oblique 
Aſcenſion. 


Deſcenſion, the Itter is the 


3. When the Latitude and Dechnation are one North, and 
the other South, add, and ſubtract as deſore; the firſt is the 
Oblique Aſcenſion, and the latter is the Oblique Deſcenſion. 

Note; When you cannot ſubtract, add 360 Degrees to the 
Right Aicenſion, and then ſubtract; alſo when youu have added, 
if the Sum exceeds 360 Degrees, ſubtract 360 Degrees 1 


— 2 r 


- A 
<2 ern. 
95 | — oo. 
—— — fe 


= - * 9 _ 
re _ = 2 2 n — 

oy * - — 2 
— — —C< —ẽT — — — 


- —_— - 
—_— — 
= — 


— CLI _— — 


— — 


— = 
2 — I. A ——_ — 
_ 4 - 
oy > E ⁵—-ü -wono> ts; RE. 
$9 2 — * — — - . 


As Radius . T. Latitude :: T. O Declin. . 8. & Afcen. Dif. 


Problem 6. The Latitude, and the Sun's Baumes given; 5 


— X 
— — —— * 
—ͤK— — — —— —— —— — — 
» — w_ — — 
- — — — 


* —— ——ññ — = — — — 


= given; the Sun's Aſcen/ſional Difference, 4 
| Therefore the Work is as en. 


2 


n 
fc 
enfion, it's thus; 1 
Tag. e Leg MC. = 
As 45d. -- T. 66d. x 5d. 40m, -- 04M. 
Which fubSoacd from — — J60d com. 4 


Remainder is the Sun's Right Aſcenſion — 319d. 56 from y 
2. For his ee Diſference, it's thus ; 


AST. 45d. T. 51d. 3a m. :: T. 15d. zom.. -- S-204 41m. 
Right Aſcenſion found above 3198. 56fromy., 


Added is the 's Oblique Aſcenſion —— 3404.39m. 
Subtrafted is the ©'s s Oblique Deſcenfien — 299d. 15m. 


„%% AA. A Rd 


find the Time the Sun's Riing and Setting, and the Length | 
Fas- Day nd Night # 

* Find the Sun's Aſcenſional Difference by Prob- 

lem 4, in pages 216 c Fime by 


allowing as hereunder, 


15d. oom. 1.— Hour 
1d. gom. þ f. 3 0.04 Minutes of Time; 
od. 15m, 


1. The Sun's Aſcenſional Difference (being reduced into 
Hours and Minutes) added to, and ſubtracted from 6 Hours, the 
one is Sun-riſing, and the other is Sun-/eiting. 

Note, When the Latitude, and Declination are both North, 
ar deed Grands the Sun riſeth before, and ſets after Six. 
if one be North, ard the other nnn 
its before Six of the Clock. | 


ane 
Example. Latitude 51d. 3am. North, Sun's Declization 23d. 


4. is 33d. 1 Im. equal in Time to 2 13 


d. m. 6 Haus. 5 
Diff. 33 11. Or 2. 3 h. . 
is Sun- Setting — 8. 72 Length of the Day is 16.26 
Gubuptt, b Tun-Rikng — 3. + 6 


3 


. 


7 


„„ F 8 
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i. 
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n 
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In the ſame Rectangle Spheric Triangle PBR (Plate 7. 1 4 | 
may the five next following Problems be reſolved ; which | 
for the Learrer's Exerciſe, 
Problem 7. Latitude of a Place, and the Sun's Aſcenſional 1f- 

Re I Lai come g66, aan. Bae = 
titude 41d Mm. 

Here is a Leg, and its adjacent angle given : that is, the Leg 
BP 41d. 1m. the Latitude, and the Angle BPR 4h. 3 
67d. 3om. the Complement of the Sun's Aſcenfional 

which Triangle is made by Prob 12. 22 
Geometric, in page 12g. and for its Solution, ſee Chapter 5 
Section 4. Problem . Caſes 8 and , of Spheric Trigonometry 
Rectangular, in pages 137 and 138, is thus; | 

1. For the Sun's Declination, it's thus; 
As Radius. S © Afc. Diff. : : T.c. Latitude T. © Declin. 
As S. god. -- S. 22d. 30m. : : T. 486. 13m. .. T. 23d. 11m. N. 

2. For the Sun's Amplitude, it's thus: 

As T. © Aſc. Diff. -- Radius:: S. Latitude . T. e. O r Or 
As S. Latitude -- Radius: T. © Aſc. Diff. T. © Amplit. 
As S. 41d. * -&. god : T. 22d. 30m. T, 314 52m. N. 
Problem 8. Latitude, — Sun's Amplitude given; to find his 

Declination, and Aſcenſional Difterence. 

by Latitudc——— 36d, 17m. North. 
Example. The? gun s Amplitude 10d. — South. 2 
nie given ; that is the Leg $I 36d. 17m. 
the Latitude, and the Leg SR 70d. 49m. the Complement of 
the Sun's Amplitude; which Triangie is made by Problem 14. 
of Spheric Trigonometry Geemetric, in page F27, and its So- 
lution is (by Chapter g. Section 4. Problem 5. Caies 13 and 14. 
of Spheric Trigonomeuy R Rectangular, in pages 2 140, 
in this manner. 

1. For the Sun's-Declination, thus ; - 
As Radius S. c. Latirude : : S. © Amplit. -- S. O Declinat. req. 
AsS. god. - * :S. 19d. 11m. S. 15d. 21m. South. 
2. his Aſcenizonal Difference, thus; | - 
As T.c.QAm -- " Rome : 8 Latitude · T. C Afcen. Differ, Or 
As Radius · S. Latit. : „ CORD Differ. 
As godeg. -- S. 3617: : T. 19d. 11m. P. 11d. 38m. or ch 
Prozlem g. The Sun's Declination, and Amplitude * 
—— 5 

8 — tom. South. 


— 


Aftronomec . 
Hypotenuſe, and one Leg given; for which ſe 
. of Spheric Trigonometry Geometric, (in page 123. 
1 4. Problem 2. Caſes 2, and 3. of Spheric Tri- 


, _— 4 3. | 10 


1% 


gometry in pages r 
rab may be cubes North, or South, in this 


Problem 10. Sun's Declination, and Aſcenſinal Difference 
given; par — and his Amplitude ? 
| 3 lin ation ä — | 
© Example. TheY fun Ks 21. === 
1 „„ prong on pm oh POPE 
|| Problem 11. of Spheric Trigonometry Geometric, (in pages 124 & 
1 125, and Chapter 5. Section 4. Prob. 2. Caics 4 and 5. of Spheric 
Trigonometry Rectangular, R x36 & 137 336 & 137.) For, its ſolution, 
1 Problem 11. Sun's Amplitude, and fference given; 
. to find the Latitude and lende 


s Amplitude -- North. 
Emu. The J fn ſetieth at — —- — 


|| 7h. 4 

[| Here is one Leg, and its oppoſite Angle given, D which be 

” Problem 3. of Spheric Trigonometry Geometric, (in page 1 26, 

= e | 
ngenemetry Reflangular, in pages 138 x39) For the 

Proportions. 


an of a Fihhes, and the Sun's Dechaniee 
WWW 


- Definition x. Altitude is an Arch of an Azimuth Circle, con- 
i „ 23 
df. Plate 7. Figure 2. 

| 2, Azimuth, is an Arch of the Horizon, contained between 
| the Meridian: of the Place, and any Azimuth Circle; Or con- 
NEE TEENS WEAY other Azimuth Ci- 
as 0 Ad. __ _ 


—__— 


is upon 
i= the Rectangle Spheric Tangle A df (Pie ; 7. 4 2.) 
It is to be noted. 


1. A bf the Rectangle. | 
2, Þ A f the Latitude of the Place, 


48 Sun's Declination, of the dee Name with de 
+ dis fan Mime the Uour of fi. 


5. Ab 


of 


Nn 


Wl * 9 


3 S 


metry, in pages 117 and 51s. 


dAf id. 


ſo is the Tangent of the Sun's Declination, to the Tangent of - 


the ENE. 4 EL of the Compats ; and at 6 in the Alter- 


Set. II. Aftrinontic Problems. 221 
5. Ab the Son's Azimuth from the Eaſt at 6 in the Morning, 


and from the Weſt at 6 in the Afternoon : Northerly in North 
Latitudes, but Southerly in South Latitudes. 


To project it Stereographically, on the Plane of the Mer 
dian. 


1. Having deſcribed the Primitive Circle, quarter'd it, drawn 
the Axis of the World PAL, the AAQ, and the 
Paraltel of Dectination SO1E g; a before Gniied in Pad 
lem 4, of this Chapter, in pages 216 and 217. 

2. Through f (where the Parallel of Declination cutteth the 
Axis PAI) draw an Oblique Circle perpendicular to the Horizon 
whe Agar pd ones > 6 Spheric Geometry, in pages 114 
and 115) as is the Azimuth ZfbN, to cut SAB in b, 
which forms the Rectangle Triangle A bf, and it's done. 

For the Leg A b, the Sun's Azimuth, and the Leg bf, the 
Sun's Altitude at 6 of the Clock, are the two things required, 
and are meaſured by Problem 7. Caſes 2 and „444 


But by Spheric Trigonometry, having the and one 
Angle given, that is, A f 23d. om. the Suns and 
32m. the Latitude; Do Lon df hs hw 
and Leg A b his Azimuth at 6 of the Clock; are found by 
r ona abate aaoced 
gonometry Reffangular, in pages 136 and 137. 

1. To find the Sun's Altitude at Six, the Proportion is; N 

As the Radius, is to the Sine of the Latitude; fo is the Sine 
of the Sun's Declination, to the Sine of the Sun's Altituce, at 
the Hour of Six. Or thus ; 2 
As Radius . S. Angleb Af:: 8. Hypet. Af--S. Leg bf. 


As & god. . S. 51d. r 8. 18d. am. 
1 the Proportion by the atore 


id Problem, is, 
As the Radius, Þ w.as Se rants Gl 


the Sun's Azimuth from the Eaſt, or Weft, at the Hour of 
Six. Or thus; 

As Radius . c. Angle bAf : T. Hypot. Af --T. Leg Ab. 
A S. god. + 9 28m, : : T. 234. 3m. T. 15d. . 


| At6 inthe Momzes the fun is E. 158. eim. N. or near upem 


12, in pages 138 and 139. And it's thus; 


Cn 

« Wow: + 1 W. 5 d Vent of the Compals the 
7p ag 
Prodim 14. lame. and Sun's Azimuth at the Hour of Six 


Leg Ab rod. 14m. the Sun's Azimuth, and 


As S. 534. 41m. ..S. god. : 


As Radius S. 


222 Aftronomic Problems. Chap. IX; 
In the fame Triangle A bf (Plate 7. Fig. 2.) may be reſol- 


ved the five Problems next following, — 9" ng 
Learner. 


Problem 17. The Latitude, and Sun's Altitude at the Hour of 
Six given; to find his Declination, and Azimuth ? 


ne 
Leg b f 9d. FE 
35d. 20m. the Eatirude ; which Triangle is made by P 
13. of Spherie Trigonometry Geometric, in page 126 z 
its Solution, ſee Chapter g. Sactian 4. Problem 4. Cofss: 


for 


1. For the Sun's Dechnation, the Pr is; 


As S. Latitude 1 — 8 © Alt. at 6 -- S. © Declin. 


8. gd. om. 4 19 10m. South. 


A 8. 35d. 
| . 46 the Proportion is 3 


As Radius -- Tag. Latitude : . „O Azimuth. 
gom. -» 8. 14d. m. W. 


given ; to find his Decliration, and Altitude? 


Example. 1 10d. nm. WW, 


| Hey & s. Lay endl I's joan Angle Gans that is, 
— 9 . 29 
made by Problem 
and 
Fo 


19m. the Latitude; which Triangle is 
12. of Spheric — wr in page 126, 
its Solution, ſee Chapter g. Seftion g. Pr 3- Caſe 
© To pager ogy an oo © oy Lag 
1. For the Sun's Declination, the Proportion is 
As T. © Azim. .. Radius:: -3.c. Latitude . T.c. @Decli. 
As S. c. Latitude. Radius:: T. © Azimuth F. © Dee. 
T. rod. 24m T. 12d. 38m. N. 
9 For the Sun's Altitude at 6, the Proportion is ; 
As T.c. Latitude - » Radius: : S. © Azim. -. T. O Altitude, Or, 
h: : T. Latitude. T. © Altit. at 6. 
8. 10d. 14m. :: T 36d. 19m. T. id. 26m. Alt. at 6. 


the 
Af 
for 
and 
Decli. Or 


As S. Od. 


Problem 15, The Sun's Declination, and Altitude at the Hour 


of Six given : ts find the Latitude, and hi Azimuth? 


ef. n. Afronomic Problems: ay | 
„ F Declination — 21d. gom. Sin. 

E xomple. The Sun's Altitule —— 15d. Jm. AM. 
Here is the Hypotenuſe and one Leg given z that is, ——— 


; that is, Af 19d. 24m. 
oe tek „ Azimuth ; for which tee Problem to, of 
Spheric Trigonometry E I in page 123. Chapter $5, 
Section 4, Problem 1, Caſes t and 3 of Spheric Tri | 
Refangular, in pages 135 and 1236. 
Problem. 17. Sun's Azimuth, : Altitude at the Hour of Six 
given; to find the Latitude, and his Declination ? * 9 


Example. Soy 16d. rom. W. — 


given ; to find the Sun's Sal nit mg 
when the Sun is Eaſt or Weſt. 
Nate; When the Sun is cither Eaſt of Welt, he is then upon 


n Plate 7. , 

tudeðxv 51 — | 

2 13 — — Nerh. 

In the TW OT Plate 7. * 2» 

Obſerve, That, 
2. k Al the Latitude. 

3. K & 1 the Sun's Dec. of the me Name with the Lat. 

4. A A the Sun's Altitude when be is apon the Eat of Weſt 

_ Azimuth Circle. 

A k the Hour from 6; . 


As 
1 


_ the 
A. 45d. 


ed to, and fubtrafted it from'6 Hours, giveth the Hour of the 


* 


— AEAQ, and re 
g, 2 formerly, in Problem 4. of this 


Vertical Z AN is © oe Pine of the thee HR 
Laſt or Weſt. 


nnn * ava 

r heric 
Trigenometfy, in pages 138 and 139. Thus, 

t. To #:d the Sun's Altitude, the Prapertion is, 
As the Sine of the La 'twie, is to the Radius ; | 
So is the Sine of t s Declination, to the Sine of his} 

Altitude, when Eaſt, or We. ons 
S. Angle EAI .. 8 . $. Hypot. Al. 

8. bs i 30d. 37m. O Alt 


S. god. : : 8.230 
Hove from Six, the Proportion by the afore- 


1 Or thus ; 
T.c. Angle AK 1: . Legk1 -- 1 Ak 
1 : T. a zd. zom. S. 20d. I zm. 


Hours and Minutes of Time, and add- 


is, 20d. 13m. reduced into Time, is 1h. 21m. almoſt, 
Which added to . 6h. oom. 


The Sum ſheweth the Sun is Eaſt at —— 7». 21m. Morn, 
And heing fubtr. ſheweth the Sun is Weſt 4n. 39m. Aftern. | 
In the fame Rectangle Spheric Triangle A k I, (Pine 5. Figure 
hr to exerciſe the 


Prob, 


-” 2» ow K — 1  .-.©- 


> © a@a 


2 


8. 


> 


” SUYFF P FY F 


Problem 10. The Sun Eaſt, the Latitude, and the Sun's Al- 


1 
Morning. 


Mal god. goon. the Leads: 8 
blem 11. of Spheric Trigonometry Geometric, in page 124, and 
for its Reſolution, ſee Chapter 5. Section 4. Problem 2. Caſes 
4 and 5. in pages 136 and 137. And, 
1. For the Sun's Declination, the 
As Radius . . S. Latitude ; : $. Q Altitude. . Er. 
AsS. god. . S. 15d. 30m. : : S. 28d. 16m. ..S. 1 


2. For the Hour when he is Eaſt, the Pr 
As T.c. QAk. .. 


As god. «+ ko bn: T0 16m... T.r6d.20m. or th. gm. 
Spears * 
given; to find e ee 
| Latitude rom. South 
Example. The) Hour . — 3h. 15m. P. M. 


Here is given a Leg, and it's adjacen 

Leg Ak 41d. on. or 2h. 45 

Sun is Weſt; and 

Triangle is made 

metric. And for i 

blem 3. Caſes 5 and 9. In pages 13 
1. For the Sun clinati Proportion is, 

As T. c. Lat. Radius:: „T. Declination. 


As Radius. "Cue fans $9: T. I T. Sun's Declination 
ASS. god. . S. 41d. 15m. : ; T. 30d. 10m... T. acd. 58m. Souikh- 
2. For the Sun's Alttude, the Proportion is, . 
As T. Hour from 6 .. Rad. : : S. c. Lat... T. c. & Alt. when W. Or 
As S. c. Lat.. Radius:: T. Hour from 6. T. Sun's Alt. when W. 
As 8. 50d. 5m. 122 T. aid. m. .. T. 45d. zm. 
the Sun's Altitude, when Weſt. 
Pram 21. The Sun Eaſt, his Declination, and his Altitude = 
given; to find the Latitude, and Hour of the Quay? » - 


Declination 2cd. 30m. South. 
| Engle. The ban Ariat — 25 — M. or Morn 


—— — 


——U—ää̃ — —— 


— oo me 
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from 6, when the Sun is Weſt : for making this Triangle, ſec 


| Problem 23. The Sun Eaſt, his Altitude, and the Hour of the 


we Leg Ak 276: : 
he his o; this Triangle is made by Problem 10. of Spheric Ti i- 


Aſtronomic Problems. 
Here is = the and one Leg; 

Hypotenuſe A l, 294. zom. the Sun's Altitude, and the 

k 1 20d. gom. 98 Declination : Which Triangle is made by 

Problem 10. of Spheric Trigonometry Geometric in page 122. and 

for it's Reſolution, ſee Chapter <. Section 4. Problem . 

2 and 3; in pages 135 and 136. 


Preblem 22. The Sun Weſt, his Declination, and Hour of the 
Day given ; to find the Latitude, and his Altitude ? 


| Sun's Declination 10d. 39m. North. 
Example. They our of the Day dh. 5 2m. P. M. 

Here are given both Legs; that is, he Lon k1 rod. 
the Sun's Declination, and Leg Ak 17d. or 1h. 8m. the Hour 


11 


Problem 14. of Spheric Trigonometry Geometric in page 127. 
And for its Reſolution ſce Chapter 5. Section 4. Froblem 5. 
Caſes 13 and 14. in pages 139 and 140. 


Day Bren; to find the Latitude, and his Declination ? 


1 „an's Aline. zod. 10m. 
Example. The E. of the Day == 74. zom. A. M. 
Note ; In this Problem the Latitude may be either North or 
South, and truly anſwer the 
Here is given the and one Leg; that is, the 
Hypotenuſe Al 3od. rom. the Sun's Altitude when Eaſt, and 
zom. or 1h. 5om. the Hour from 6, when 


gonometry Geometric, in page 123, and for its Reſolution, fee 
„„. in | pages 135 


Abrenomic Problems. 227 


Latinide — 31d. 3am. North. 
Sun's Altitude 21d. gom. AM. {or Morning.) 
: Spheric Triangle Z A D, Pate 7. Fig. 2 


it Stereographically on the Plane of the Meridian. 

IT as alſo the 
Axis | PAL, and the Equinoctial A EQ as formerly directed in 
Problem 4. in page 216. 

2. By Problem 9. Caſe 2. of Spheric Geometry, in page 12t. 
_ a parallel Circle at 21d. gom. (the given Altitude, ) diſtance 
from the Horizon SAB, 3 AD1t, to cut the EquinoQtial 
ad, in D; the Place of the Sun at that Time. 

Through D (by Problem 5. Caſe 3. i 
in page 115 :) draw a Great Circle perpendii | 
the Oblique Circle Z DCN, which concludes the Rectangle 
Sober . | 


t ö D; (the former the Sur!”s 
Ati Ru Ob Rav Meridian, the latter the Hour from 
oon, inoCtial,) are the two things 
— —- by Problem 7. Caſe 2. and Problem 

. Caſe 2. of Spheric Geometry in pages 118 ard 119. ED. 

But by Spheric Trig » having the Hypotenuſe, and 
done Leg given; that is, ZD $4. 10m. the Complement of the 
Sun's Altitude, and Z A mk. zm. the Latitude: The Argle 
Kb the Sun's Azimuth, and Leg Ebb the Hour dum Noon, 
are found by Chapter 5. Seftzon 4. Caſes 1. and 2. of Spheric 
Trigonometry Rettangular, in pages 135 and 136. And, 5 


1. To find the Sun's Azimuth, the Proportion is; 

As the Radius, is to the Tangent of the Latitude; 1 

So is the Tangent of the Sun's Altitude, to the Sine 
9 of the Sun's Azimuth bem the South, Or 
k ; | 


5 Pa 


> 


228 Aſtronomic Problems. Chap. IX. 
As Radius.. T. Leg ZZ : : T.c. Hypot. ZD. S. c. Angle EZ. 
As T. 45d. .. T. 51d. 32d.:: T. 21d 50m. . S. 30d. 17m. 


Which ſubtract from ———— god. oom. 
Remainder is the Sun's Azimuth, South — — 59d. 43m. 


Eafterly, that is S. E. by E. E. is the point of the Compaſs 

the Sun is upon. 

| 3 the Hour, the Proportion by the fore ad Problem 

1. 

— the Sine Complement of the Latitude, is two the Radis ; 
So is the Sine of the Sun's Altitude, to the Sine Complement 

of the Hour from Noon. Or thus; 
As S.c. Leg Z.. Radius:: S. c. Hypot ZD .. S. c. Leg AD. 
As S. 38d. "os. S. god. : © 1, 00 Ys S. 36d. 43m. 
Which ſubtract from — god. oom. 
Remainder is the Hour from Noon —— - 53d. 17M. 
Which is equal to 3h. 33m. the Hour from Nocn, therefore 

the Hour of the Day is 8h. 27m. in the Morning. 
In the fame Rectangle Spheric Triangle ZAD might five 

Problems more be reſolved, which I leave for the Learner to 


_ invent, and ſo paſs on to Oblique Spheric Triangles in Aftronony. 
Section III. Oblique Spheric Triangles, applied in Afronomic 
| Navigation. 


Problems, uſeful in 


1* the laſt Secben, Rectangle Spheric Triangles were applied 

to Problems of Aflronemy; now in like manner Oblique 
Spheric Triangles ſhall be applied, both them and the 3 
deing very ulelul in Navigation. 


problem i. Th: Latitude f 2 Place, the Sun's Declination, 
and his Altitude given; te fiad his Azimuth, and the Hour of 


the Day? 
S Latit ue id. zom. 
Example. The Sun's 3 Declination —— 15 10 North. 
| Altitude ———— 11 30 

In the Oblique Spheric Triangle PZ O. Plate 7. Fw 2, 
is to be Neted. 

1. The Side ZP the Complement of the Latitude. 

2. The Side ZO the Complement of the Sun's Altitude. 
2. The Side PS the Sun's Diſtance from the Elevated Pole, 

= which | is the Declination added to go Degrees, when the Lati- 
tude and Declination are of a contrary Name; But if of one 
Name, it's itz Complement of the Declination. 


4. The 


. 


in 


5 384. zom. the Complement of the Latitude. Z 755. 22 


K 8 K 


Seck. HI. Alraune Problems. 229 
4 The Angle PRO the Sun's Azimu: h from the North, in 
Nonth Latitude; but from the South, in South Latitude. 

$. The Angle ZP-) the Hour of the Day from Noon. 

o project it Stercographicalh, on the Plane of the Meridian. 

1. Having drawn the Primitive Circle and quarter d it, alſo 
draw the Axis PAI, and the Equinoctial AQ, and the Pa- 
rallel of Declination C If Rg. 

2. Draw (by Problem . Caſe 2. of Spheric Geometry, © in page 
1 2 parallel Circle, parallel to the Horizon 8 A B, at 11d. 
zom. (the Sun's Altitude) diſtance from it, to cut the parallel of 
Dechnation in ©, the Place ot the Sun at that time. 
23. Then through © draw two Great Circles, one through 
2 and N, the Poles of the Horizon; and the other through 
P and I the Poles of the Equinoctial; as are the Oblique Circles 
ZON and POI; which form the Oblique Spheric Triangle 
PZ O, and its done. 

For the Angles PZ , and ZPO, the former the Sun's Azi- 
muth, the latter the Hour of the Day from Noon; are the two 
things required, and are meaſured by Problem 8. Caſe 2. of 
Spheric Geometry, in page 119. 


But by Spheric 1 rigoncmetry, having 3 Sides 2 that is, 


the Complement of the Sun's Altitude, and PC) _ rom. the 
Sun's Diſtance trow the Elevated Pole ; the 8 P Z© the | 
Sun's Azimuth, and ZO the Hour of the Day, are found by 


Chapter 5. Section 5. Problem cr. Caſe 11. of 8pheric Trige- 


n:metry Oblique, in piges 147 and 148, as followeth. | 

1. Add the Complement of the Lamude, Complement of 
the Sun's Altitude, and the Sun's Dittance from the Elevated 
Pole 11:t0 one Sum. 

2. Frum half that Sum ſubtract, (for finding the Sun's 
muth, } the Sun's Diſtance from the Pole; But, for finding — 
Hour ot the Day, ſubtract the Complement of the Sun's Alt 
tude, noting the half Sum, ani the Remainder. 

5. Then to find the Sun's Azimuth, it's thus ; to the Com- 
plement Arithmetic of the Sines of the Complement cf the Lati- 
tude, and Complement of the Sun's Altitude, add the Sines of 
the aforeſaid Halt-Sum, and Remainder : half the Total of theſe 
four Logarithms, is the Sine of the Supplement cf halt the 
Sun's Azimuth from the North, in North Latitude; and from 
che South, in South Latitude. 


P 3 | 


thus, is the dine of the Sapplement of half 
all which is ſhortned thus ; 


1. To find the Azimuth, the Operation is; 
39M: N ContainingSides q S. co. a®, — o. 2058 50 


S. £0. ar. — 0.008807 
Sum ſides 95d. 55m. S. — 9.997680 
Sum is 105 d. 50 21d. 05m. 8. — 9.555971 
baff Sum sg gd. 55m of the 4 Logarithms is — 19.768 ;o8 
Remainder21d OgM.. -— — 40d. 5gm. S. : ſumg-884154 
| Which doubled 49 59 


The double is .——99 5 58 Which 
Subtraft from 80 oo 


Remainder is the Sun's Azimuth 80 ©2 from the North. 
Or by Gunter's Scale. 


b F. c. Kc» 228. c. © Altitude -- a 4th Sine. 
match, - * S. 38d. 3om. : : 8. 78d. ** 8. 37d. 35m. 
Then again, 
As the 4ch Sine - 8. Sum files: : 8. Remainder -- a g th Sine. 
As S. 37d. 35m. --S 95d. 55m. :: S. 21d. om. S. 36d. oem. 
Againſt which, cn the Line of Verſed vines is ad. ozm. 
the Sun's Azimuth from the North, Eaſterly if in the Morn- 
ing, end from the North, Weſterly if in the Afternoon; 
that is, the Sun is near the E. by N. Point of the Compaſs 
in the . md near the W. * Point in the 
Afterinoor, | 


MEETE om. 
PO7 44 gem 


3. T6 


given; that is, ZP 38d. 28m. the Complement of the Latitude, 


k. 


TH. ane Problems. 
> Ne Ro 
om. 8 Conta 3 05250 


=p ere S. £0. ar. 0.215397 
20 184. 35 zom half Sum Sides 95. 55m. S. — 9 997% 
Sum is 194d. = Remainder 17d. 2gm. S. —- 9.476133 
half Sum is9gd. 55 of the 4 Logarithms i is — 19.695000 
Remaind. 17d. 25m. S. half Sum — 9 
lich doubled —— 44.45 _ Fug 
The double is — 89.20 Which 
ſubtract from - 180.00 h. m. 


Rem. is the Hour from Noon — 90.30 equal to 6: 02 
r 
As Radius . S. c. Latitude, Nee - 2 4 Sine 


As S. god. . 1 38d. zom. : S. 744. 30m. 8 36d, 56m, 


Then again, 
As the 4th Sine .. 8. Sum figes : * Remainder .. a 5th Sine. 
As S. 36d. 59m. .. S. 97d. 55m. :: 8 5 * n 
Againſt which, on the Line of V 11 


Or 6h. 2m. the Hour from Noon ; that N a. 38 
Morn:ng, or 2m. after 6 in the — 

In the fame Oblique Spheric Triangle ZPO, ( Plate . Fig. 2.) 
may the nine Problems next following be reſolved. 

Problem 2. The Latitude of a Place, the Sun's Altitude, ang 
Azimuth given; to find his Declination, and the Hour of the Day. 
Example. In Latitude 51d. 32m. the Sun being 38d. 19m. above the 

Horizon, his Azimuth was obſerved te be North tod. m. 

Eafterly. I demand the Hour of the Day, and the Sun's Decl. 

Anſwer. The Hour of the * + adn 


+ Declination of the Sun rgd. 30m. N 


ts this Preding ae eo ile. wed ene Acts hetwars Bat 


£® 51d. 11m. the of the Sun's Altitude, and PZ 
107d. 47 m. his Azimuth; which Triangle is made by Prob, 18. 
of Sphere 7 . in pages 129 and 1 30. and 
is reſolved by I 7 and 8. of Spheric Trigonometry 
in 144 and 1 

4 by Place, the Sun's Declination and Azi- 
titude, and Hour of the Day ? 

zom. North, the Sun's Declination 
—_— . « Azimuth N. 129d. 40m. weſterly. 1 
demand the Hows of the Day, and is Altitude ? | | 
wer. The Hour of the Day is either ah. f zm. and the 
Sun's Altitude i 576. or eit the Hour ofthe Day is 5h. zan and 
then his Altitude is 7d. 13m. P4 Here 


231 


of the poo PQ god. 
35m. the Sun's Diſtance from the Elevated Pole, and PZ © 
229d. 4om. his Azimuth; which Triangle is made by Problem 


16. of Spheric Trigonometry Geometric, in pages 128 and 129. 


pages 142 and 143 
Problem 4. The Latitude of a Place, Sun's Altitude, and the 

Hour of the Day given; to find the Sun's Azimuth, and his 

Declination. 
Example. In Latitude 3od. $ 1m. South, at 1 fm. paſt 3 in the 

Afternoon, the Sun's Altitude being 41d. zom. I demand the 

Sun's Azimuth, and Declination ? 

Anfwer. The Sun's Azimuth is South road. am. Weſterly, 
and his Declination is 11d. 41m. South. 

are two „ and one Angle oppoſite given. 

That is, ZP god. ogm. the Complement of the Latitude, 
the Complement of the Sun's Altitude, and 
4 Or 3h. 15m. the Hour of the Day from 
therefore FENG, as ng The Frans 2 
| 3 
— 5. The Re Lade of a Place, the Sun's Decliaation, and | 
Four of the Day given; to find his Azimuth and Altitude? 
Example. The Latitude 20d. 11m. North, the Sun's Declination 

23d. 29m. Scuth, at gd. 24m. in the Morning: I demand 

the Sun's Azimuth, and what is his Altitude ? 

Anſwer. The Sun's Azimuth is South 44d. 13m. Eait, and 
his Altitude is 34d. o8m 

Here are two Sides, and one Angle between them given; 
That is, ZP od. 49m. the Complement of the Latitude, 
PO 11 34. 29m. the Sun's Diſtance from the Elevated Pole, and 
ZPC 39d. or 2h. 36m. the Hour of the Day from Noon, 
which is wrought as before in Problem 2. page 23r. 
Problem 6. The Latitude ofa Place, the Sun's Azimuth, and Hour 
of the Day given ; to find the Sun's s Declination and Altitude. 
Exampie. In Latitude 134. zom. North, the Sun's Azimuth 
| being obſerved at 24m. after 2, to be South ggd. * 

I demand the Sun's Declination, and his Altitude 

Anſwer. The Sun's Declina ion is 99. 27m. South, and his | 
Altitude at the fame time is 47d. 4.3m. 
Here are two Angles, and one Side between them given : 
"hat is Z com. the Complement of the Latitude, PZ > 
8 2 PO 36d. or 2h. 24m. 
Day from Noon; for the making of this 


ab, 19 of Spheric Trigenametry Geometric, 


qf* K 9-« 


Ky 


Sect. III. pag Aftronomic Problems. 233 
in page 130. And is reſolved by Problom 10. Caſe g. of Spheric 
, = Trigonometry Oblique, prong x * 
Prabm 7. The Sun's Altitude, Declination, and his Azimuth 
| given: to find the Latitude, and Hour of the Day. | 
Example. The Sun's Altitude being obſerved to be 38d. 20m. 
Oriental, and his Azimuth at᷑ the fame time x07d. rom. from 
the North, and his Declination 19d. 4om. N. I demand the 
Latitude of the Place of Obſervation, and the Hour of the Day ? 
Anſwer. The Latitude of the Place is 51d. zom. North, and 
the Hour of the Day is 30m. after 8 in the Morning. 
Here are two Sides, and one Angle oppoſite given; that is Z 
51d. 40m. the Complement of the Sun's Altitude, PS ved. 
20m. his Diſtance from the Elevated Pole, and P ZO 199d. 
10m. his Azimuth from the North, which Triangle is made and 
wrought as before, in Problem 3. of this Section, in page 2 | 
Problem 8. The Sun's Altitude, his Declination, and Hour 
of the Day given; to find his Azimuth, and the Latitude, 
Example. At 5h. g2m. in the Morning, obſerving the Sun 12d. 
zom. above the Horizon, and his Declination being 19d 4om. 
North. I demand the Latitude of the Place, and the Sun's 
Azimuth? 
Anfwer. The Latitude is 51d. 32m. North, and the Sun's A- 
zimuth North 74d. o5m. Eaſterly, or ENE. halt E. almoſt. 
Here are two Sides, and one Angle oppoſite given; that is, 
20 77d. zom. the Complement of the Sun's Altitude, PO 
7cd. zom. his Diſtance from the Hevated Pole, and Z PO 
947. zom. or 6h, 18m. the Hour of the Day from Noon; 
which Triangle is made and wrought as before in Problem 3. of 


this Section, in page 232. 7 
Problem 9. The Sun's Altitude, his Azimuth, and the Hour of 
the Day given; to find the Sun's Declination, and the Lati- 
tude of the Place. 5 
Example. Obſerving the Sun 12d. 30m. above the Horizon at 
18m. paſt 6 a Clock Afternoon, and his Azimuth 74d. from the 
North. I demand the Latitude, and the Sun's Declination? 
Anfiver. Latitude is g 1d. 30m North, and Sun's Declination 
is 10d. 40m. North 3 TT 
Here are two Angles and one Side oppoſite given; that is, 
20 77d. zom. the Complement of the Sun's Aluude, PZ. 
749. the Sun's Azimuth from the North, and ZO gad. 3om. 
or Gh. 18m. the Hour from Noon; which Triangle is made by 
oblem 17. of Spheric Trigonemetry .Geometric, and is reſolved 
by Problem 8. Caſes 4 and 5. of Spheric Trigonametry Oblique, 
Ll pages 143 and 144. WE 
— Preblem 


Bu © > +» 


* * . 
Problem 10. The 


the Day given; to find his Altitude and the Luitule of the 


Example. The Sun's Declination 19d. 45m. N. and at half an 
Hour 


paſt 8 of the Clock in the Morning his A4zimouth wa; 


obſerved to be 1071. 50m. from the North, I demand the 


Latitude of the Place of Obſervation, and what was the Sun'; 


Here are two Angles and one fide mutt: givon, as before 
in the laſt Problem : Thiat is, PO 7oq. 20m. the Sun's Di- 
ſtance from the elevated Pole, PZC) — d. 48m. his Azimuth 
from the North, and ZPO 52d. Or "A 28m. the Hovr of 
the Day from Noon ; whi ch Triangle is made and wrought like 
| Problem 9. the laſt foregoing. 

Problem {4 The Latitude and Longitude of a Star, and the 
 Obliquity of the Ecliptic given, to find the Right Aſcen ſion, 
and Declination of that Star? 

Definition 1. Latitude of a Star, is an Arch of a Chele of 
= <p contained between the Star's Center and the E- 


cliptic. 
= * Longitude o of a Star, is an Arch of the Ecliptic, contained 
between the beginning of Aries, and that Circle of Longitude 


which paſſeth over the Star's Center, and counted according to 


the Succeſſion of the Signs. 
Example. 


Latitude 22d. 32m North 
Corelle, or the Gore, 33 02m. in R. 


In the Oblique Spheric Triangle PKD, Plate 7. Figure 1. 


is to he noted. 

r. PK the Diſtance of the Pole of the Ecliptic from the Pole 
of the World, cqual to the Ecliptic's Obliquity 23d. 30m. 
- KD the Complement of the Star's Latitude, or. its Di- 
 Rance from one Pole of the Ecliptic. 


3. PD the Complement of the Star's Declination, or its 


Diſtance from the agreeing Pole of the World. 
4 PKO the Star's 1 S, if the Star's Latitude 


de North, but from W, if it be South; that is, from S, if the 


Ecliptic's North Pole be one Angle; but from W if its South 
Pole be one Angle of the Triangle. 

5. KPD the Star's Right Aſcenſion from W, 12 
de North; but from &, if its Latitude be South: That is, if 

the Ecliptc's Norch Pole be one Angle, &c. a before in th 4h 
tep. Hel 


Sun's — hi Azimuth, ard Hour of 


Here are two fides, and one Angle between them given ; 
Put E. PK 23d. 20m. the Diſtence of the Nor h Poles of the 
and Ecliptic, KD 67d. o8m. the of 
the Star's Latitude, and PKD 11d. 38m. the Star's | 
from (wanting of) Cancer ; which Tinneie is made by Problem 
18. of Spheric Trigonometry Geo metric, Chapter 5. Section g. in 
ages 129 and 130. And by Problem 9. Cafe 7 and 8, in 
| pages 144 and 145. the Froportions are as follow, 
Firſt, To find the Star's Right Aſcenſion, „ 
1. As 8. half Sum of he fides KD and KP 45 19 
Is to S. half their Difference —— wo ʒ— 21 50 
80 is T. c. of half the Angle PED ——_— — $4 or 


To T. half Diff. of the Angles DPK and PDK — 58 45 


2. As S. c. half Sum of the ſides KD and KP. 44 4t 
Is to S. c. half Diff-rence ep aw 3 2» 
80 is T. c. of halt the Angle PKD — $4 on 


To T. half Sum of the Angles DPK and PDK — 85 27 
Unto which add their half Difference before found —— 78 40 
e — 104 0 


Remainder is AM the Siz's Right — 74 07 
from the beginnirg of Aries. 


$:condly, For the Sers Declination, . m. 
As 8. KPD Star's Right Aſcenſion from Capricorn — 164 97 
Is to S. KD its Complement of Latitude —— —— 67 05 


80 is 8. PK its Longitude from Cancer ——— it 358 
To S.PD its Complement of the Star's Decſination 44 | 19 
Wherefore the Star's Declination is North — 41 


Problem 12. The Right Aſcenſion of the Sun, and Right Aſeen- 
ſton of a Star given; to find the im of the Gear's coming to, 
or upon the Meridian. 
The Rule, Subtract the Sun's Right Aſcenſion from the Star's 
Right Aſcenſion, the Remainder reduced mto Time, is the 
2% 07d 
noon. 
Note ; If you cannot ſubtraft, add Degrees to the Star's 
Right Aſcenſion, and then ſubtract. 360 | 
Example. The 5th of October 1744; 1 demand at what time 
Aldebaran er the Bull's Eye, cometh us the Meridian” 


Aſtronomic Problems. 
d. m. 


gth of October, the Sun's Declination is 9 1 
2 122 
% Aldebaran & } —.— 


nxt 
3- te he © Star's 


bp ge. J 3* pe 
„ e 
Then add 360d. to 65d. 03m. the Star's Right Aſcenſion 
and it is 425d. 03. from which iubtract 205d. 43m. the Sun's 
Right Aſcenſion, the Remailider is 223d. 29m. which maketh 
24h. 54m. the Star's coming to the Meridian 2 after Noon, that 
is Sam. after Two in the Morning. 
. And thus having found the Right Aſcenſion, Declination, and 
Time of any Star's coming upon the Meridian, you may by 
Problem 4. Secti n 2. of this Chupter, find it's Amplitude, and 
Aſcenſional Difference, and therevy its Rifirg and Setting; 
its Diſtance frem the Meridian at any Altitude, obſerved by 
Problem 1. Section 3. of this Chapter, m page 229, and ſo the 
Hour of the Night there y; all which I leave for the Exerciſe 
6 theſe Things. 


Section IV. The Decrrine of the Sphere, or Spheric Trigono- 
2 applied in ſundry aftrenomic Problems, uſeful in 
Navigation, accoramy to the Pythagurean Syſtem. 


"HE Pythagorean H Hen of the Werld, lately revived by 
Copernicus, is now gencrally reccived by the mctt, and 
deft — z it being indecd the moſt agrecable tor the 
Motion of the Heavenly Bodies, conkrmed by Experience in 
the ccnſtant Obfervaticn of them, in which cheſe are Funct 
mental Principles, 
1. That the Earth is carried round the Sun in a large Ob or 


Path, beiwixt the Orbs of the Plar.ets Mars ard Venus, once in 
Aa Yew. 


2. That beſides this Annual Motion, the Earth turus round 
ber own Axis once in 24 Hours. 
And that the faid Axis of the Earth, is inclined to the 


Platt of ber Orb at the ſame Angle, and keeps in all Parts d 
it, neatly parallel to it felt. 

On del Aﬀeriions, but chiefly the Second, a0 wit, de 
Diurnal Motion of ihe Earth about its own Axis, once in 24 
 Ecuws, whereby all the viſible — of ihe __ 


* 
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Fixed Stars are ſolver, I ſhall at preſent confine =p Diſcourſe, 
and on which the following Problems are 

In order to a right underſtinding therefore, I wil deſcribe the 
Circles of the Sphere, and how they are drawn in the Stereogrg- 
phic Prejection, on the Plane of the Earth's Ecliptic, before I 
ſhew how to calculate any of its Requiſites, 

Note, In the following Deſcription, I make uſe (for the 
moſt part) of the ſame Letters for the ſame Things, as before in 
the Ptolomaic Projectian, treated of in this Chapter. 

The Deicription of the Circles of the Sphere (as grounded on 
the antient Pythagorean, or Copern's Jyſtem of the World,) 
are as follow. 

1. The Sun illuminateth one half of the Body of the Earth 
continually ; as reprefented by Plate 8. Figures x and 2, 
whcr-in the Lines HRS, or HLS, which determine the Illumi- 
rate part of the Earth's Diske A ©S, from the obſcure HDS; 
the faid HKS, or HLS, is called the Horizon of the Earth's 
Diske. 

2. The Primitive Circle Y , is the Earth's E- 
cliptic ; which ever lieth in the Plane of the Ecliptic in the 
Heavens. 

The Poles of the Ecliptic are "POT WP the firſt is the North 
Pole of the Ecliptic, on the Earth's Globe, and the latter the 
South Pole thereof. 

The Poles of the Earth's Globe are P and I; the firſt its 
North, and the latter its South Pole: each being 23d. 
from its correſpondent Pole of the Ecliptic; that is KP, eq 
toLI, is equal to 23d. 3om. on the Scale of Halt-Tangents, 
and is called the Line of Direction of the Earih's Axis. 

3. The Equinoctial in the Heavens, or the Equator on the 
E:rth, is repreſented dy the Oblique Circles T Q =, or 
TA =, of which P and I ** and they are drawn 
with the Secart of 23d. 30m. according to Problem 2. Caſe 2. 
of Spheric Geometry, in pages 11 2 ard 11 

4. All Meridians paſs through the Poles of the Earth's 
Globe; as here T P, or Y 1 =, are Meridians, and drawn 
with the Secant of 66d. zom. the Complement of 23d. 30m. 
as before, 

YP=, or vl, is called the Firſt Meridian ; and the 
Meridian 4 PK W, or S Li 'vp is the Earth's 8. Iſtitial Calure : 
Wor whenever the direct Rays of the Sun run parallel to this 
Meridian, (and hat is, when the Sun appears from the * 
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to be either in & and W]; then the longeſt or ſhorteſt Days az Pl; 
made in all Places on the Glube of the Earth. f N 

The Earth's Equinoctial Colure, is Y K =, or Y L =, for at 
whenever the Central Rays of the Jun run parallel to it, the 
Days and Nights are equal in all places, Or, according to the 
Ptolomaic Syſtem, the Meridian Y P =, and Y I =, is the Equi 
noctial Colure, tho? here we call it the firſt Meridian. 

5. Circles of Longitude, paſs thro* the Poles of the Ecliptic, 
and in this Projection. are Right Circles; therefore are ftreight 
Lines, s V KS Kw, ORB, Se. 

Wherefore the Point in the Earth's Periphery. oppoſite to 
the Sun, or to a Star, or lying in a ſtreight Line produced from 
K or L, thro” the Center of the Sun, or any Star, is called the 
oun's, of Star's place in the Ecliptic. 

Theſe are the Great Circles belonging to this Projedtion 

Now followeth, 

The Deſcription of the Parallel or Lan Circles. 
6. Parallels of baue. are here 


Ex 


"The Tfopic's are two Parallels of 
the Equinoctial 23d. 30m. or 66d. 3om. from each Pole of the A 
World; as Sf gf &, and  hib W; the firſt is the Tropie 
of Cancer, the latter is the Tropic of Capricorn. 

Theſe Tropics are thus drawn ; from the Scale of Half Tan- 
_ gents lay on the Solſtitial Colure 47d. ren 
n Or thus; lay the Half Tan- 
une 1 40 the Complement of 47d.) from to g, or from 

Then the-middie between and g; or between Y 
and 1, is the Center of theſe Tropics. 

The Polar Circles, are two Parallels of Declination, diſtant 
from the Equinoctial 66d. 30m. or 23d. 3om from each Pole 
of the World as Knon K, and Lprp L; the fuſt is the 
Artic, the other the Antartic Circle. 

They are thus drawn, on the Solſtitial Colure, the Ha 
Tangent of 49d. (the double of 23d. zom.) from 1 to o, of 
from L to r; 4 the middle between K and o, or between 
L and r, is the Center of thoſe Polar Circles. 

7. Parallels of Latitude, with reſpect to the Heavens, are 
in this Projection, parallel to the primitive Circle, which here is 
the Ecliptic : as any Circle drawn on K or L as a Center, is 4 
Parallel of Latitude. 


All e 
de ion 
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ection, without any Regard to the Latitude of any particular 
ie Place, on the Globe ot the Earth. The Deſcription of the 
_ BE Meridians or Hour Circles, Azimuths aud Parallells of Latitude; 
AY alto how to draw them, (theſe being pecular de, particular 
he Latitude) you ſhall have in their proper as they come 

bel Uſe in the following Problems. 


* Problem 1. The Sun's. Place in the Eclipt A . find bis 
Diſtance from the North or South ＋ of the Glabe; his Right 


| Aſcen/ion ; and the Angie which ibe Alen poſing id 
* * 2h with the Ecliptic. N 


o Example. The Sun's Place being in the beginning of Gemini, or 

mil oo Degrees from 5 1 demand bis Di- 

hell /fance from the Pole, &c. 

r. To do this, lay the Sun's Longitude 60d. on the Primi- 

tive Circle, from T to ©. 

2. Through Q and P, or © and 1, draw a great Circle 

©PD, or QID, which is the proper Meridian, to the Place of 

the Sun. 

* 3. Then, detween the proper Meridian, the Ecliptic, and 

m! che Solſtitial Colure, there is formed a Rectangle Spheric Tri- 

he Pngle, having in Legs given ; — — | 
In the Rectangle Spheric Triangle P S ©, «1% ©, Plate 

an 

n.) 

an 

om 


q. Figurcs x and 2. | 

t. The Leg © S, is the Complement of the Sun's Longi- 
ude from V, or his Diſtance from the 30d. 
2. The Leg & P, or S I, the Dine of the Fole of the 
lobe from the Echptic ; or the Complement of the Diſtance of 
he Poles of the Globe and the Ecliptic 66d. 3om. 5 
3: The Hypotenuſe PO or 1©, the Sun's Diſtance from 
he North, cr South Pole of the Globe. | 
4. The Angle SP ©, or S1@, the Complement of the 
un's Right Aſcenſion, trom the neareſt Equinoctial Point. 

5. The Angle P 0 
leridian with the Eel 
1. For the Sun's e 
. Nn. 
Rectangular, in pages 139 and 140, is thus ; | 


UC: Radius . 8. 50: :$.c. p Sc. PO. 
wy +8. god. Tok 3:8. e 8. 20d. 12m, the 


Anke Rai to the Line Sun's L from the 
Prof ined! 1 15 of the ongitude So 
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So is the Sine of the two Poles Diſtance, to the Sine Com- 
plement of the Sun's Diſtance from the neareſt Pole of the 
Globe ; or to the Sine of P B, or I B, the Reflection, which 


is equal to the Sun's Declination in the Ff. .: * 
this Caſe 20d. 12m. North. 


2. For the Sun's Right Aſcenſion, the Proportion is; 

As Radius . S. Leg PSS: 2 T. c. Angle SPO. 

As 8. „8. 66d. 60d. .. T. 49m. Sun's 
= * 574. 49m. Sun's Right 


As the Radius, s to the Sine Complement of the two Poles 
Diſtance ; 
from the neareſt 


80 is the Tangent of the Sun's I 
Equinox, to the Tangent of his Right Aſcenfon from the fad 


3- For the Angle of the proper Meridian with the Ecliptic, 
the Proportion is; 

As Radius . 8. Leg SO:: T. c. Leg 8 P. T. c. Angle POS 

As S. god. . S. 30d. : n -T. 12d. zem. 

8 — ed. 20m. 

The Remainder being d. is the 
of the Meridian and the Ecliptic. * 


1 MM Spheric Triangle, may Problem 2 and 
3. of Sect. 2. of this Chap be reſolved, which I als over 


Problem 2. The Latitude of a Place on the Globe of the Earth, 
and the Sun's Place in the Ecliptic given; to find his Ampli- 


— 


ney. and Aſcenſional Difference, and conſequently his Riſing 
and Setting. 
Example. The Latitude 51d. 32m North, Sun's Place ood. in 
Gemini given; what's the Sun's Amplitude, and Aſcenſional 
Difference? 
1. To do this, after you have done what was directed in 


"Sum, and Difference of 38d. 28m. and 236. zom, the firſt & 
01d. 58m. and the latter is 1 4d. 58m. 
2. Then make K t, or Lt, equal to the Half Tangent of 
61d. re 
the ſame Scale. 

3. The middle between m and t, 
Circle abe ztdeh m, which is the P. 
51d. 32m. and in this Projection, it” 
London, as the Earth turns round, and { 
Pach of the Vertex. 


a—— a] cc OA 8" __ a 


OO WWwV +" 


Se. IV. Aſftronomic Problems. 24t 

And if you conceive the Colures, all the Meridians, the Path 
of any Vertex, and indeed all the Lines and Circles that are, 
or ſhall hereafter be deſcribed, as a fired Rete, cloſe inveſting 
the Earth, whilſt ſhe turns round within it, whoſe Motion a- 
bout its Axis being from Weſt to Eaſt, then the Sun is faid to 
Riſe, when the Vertex paſſeth that Point in the Path where it 
cuts the Horizon of the Earth's Disk, which is here at a; To 
culminate or to be on the Meridian, where it crofleth the pro- 
per Meridian betwixt him and the Pole, which here is at z; and 
to Set where the Vertex paſſeth the other Interſection of the Path 
and Horizon, as here at h. 

4. Thro' @ and O, draw a great Circle, as alſo thro” a and 
P, ſo have you two Triangles, on the Eaſt-fide of the Meridian ; 
to wit, © Ps, and PBa; in like manner if you draw Great 
Circles thro* P and h; and thro' O and h; they will form 
two Triangles on the Weſt, or deſcending Side of the Meridian: 
But any one of theſe four Triangles may ſerve to anſwer the 
Problem, and therefore I take one Triangle at Sun Riſing, which 
may ſuffice for Sun-Setting ; wherein obſerve, 


In the al Triangle P Ba. Plate 8. Figure 1. 


1. The Leg B B the Reflection, or that which is equal to the 


Sun's » Declination, found by Problem 1. in page 239. to be 
20d. 1 am. North. 

2. The H pa, the Complement of the Latitude of 
the Place, or the Diſtance of the Pole from the Vertex, in this 
Example 38d. 28m. 

3. The Angle Ba the Amplitude, or the Complement of 
the Sun's Azimuth, from the North in North Latitude; and from 
the South, in South Latitude; for the Angle PAO is he Azi- 
muth from the North at Sun Rifing, and the Angle BaP is its 
Complement, and therefore equal to the Sun's Amplitude. 

4. The Angle B Pa, the Hour from Midnight; that is, the 
time of the Sun's Rifing after, and Setting before 12 at Night. 
1. For the Angle Ba, the Sun's Amplitude; the Proportion 


P 4-- Radius: 8. Leg BP. S. Angle BaP. 

28m. . S. god. : ; 9. 20d. 1am. . S. 33d. 43m. 

t is, 

As the Sine Complement of the Latitude, is 16 the Radius; 

So is the Sine of the Reflection, ta the Sine of the Sun's Ampli- 
tude, 33d. 4 from the Eaſt Northerly, at Sun Rikay ; and 

the wel Northealy, _ 7 

3 


2. Tor 
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2 . For the Angle BPa, the Complement of the Aſcenfional 


Difference, the Proportion by the aforefaid Problem t. Caſe 1. 


in page 135, is thus, 


As Radius. . c. Hypot. Pa:: T. Leg BP -. S8. c Angle BPa. 
As T. 46d. . T. 3 id. 32m. : T. 20d. 1am. . 8. 27d. 35m. 


the Sun's Aſcenſional Difference, which is equal to 1h. rom. 


which is the Time the Sun riſeth before 6; and as much after 


6, 


is the Sun's Setting ; becauſe the Latitude is North, and the Sun 


and the other South. 


In this Triangle may Problems 4, 5, 6, 7, 8, 9s 10, and It, 


of Section 2 of this Chapter be reſolved. 


in a Northern Sign; but it's the contrary, when one is North 


Problem 3. The fame given as before n Problem 2. to find the | 
_ Sun's iſtance from the Vertex, when due Eaſt, or Weſt, and 
the Time from Noon when he ſhall be ſo. Plate 8. Figure 1. | 


le. 
| Latitude — 5 1d. 32m. N. 


or Weſt Required. 


Sun's Zenith Diftancs. 
Sun's Place cod. oom. in given; The) Tome when he is Eaſt 


1. To a after the youper drvidien, and Pack 


of the Vertex, or Parallel of Latitude is drawn, as before in 


Problem 1 and 2. Then thro* Gand D, draw a Great Circle, 
Juſt to touch the Path of the Vertex, on either fide of it, as the 


Oblique Circles Oc d, and Cd D. 

2. Through P and c, or P and d, draw a Great Circle, 
cut Oc d, Od D at Rig 
Vertex, when the Sun 


to 


Angles, which is the Place of the 
appear due Eaſt, or Weft : And 


then are formed two Triangles Pe ©), and Pd © ; one when 


the Sun is Eaft, and the other when he is Weſt; in each the 


fame things are given and required. Therefore obſerve, 


Dog ung Gin FRE. Pc ©. Plate 8. Fig. t 


or Complement of the Latitude, in this Example 38d. 28m. 


RA and the ſame when Weſt. 
4. The Angle ® Pc, the Hour from Noon, when be is, 
ſhall appear to be Eaſt, er Weſt. 


x. Far the Leg © e, the Sun's Zenith Diſtance, the Pro- 
portion by Chapter 5, Section 4. Problem 1. Caſe 3. in pages 


$35, and 136. Þ, 


P ©S the Sun's Diſtance from the Pole, 
» >. A—_ t. to be 6gd. 48m. the Complement of thg 


irren of fs Tie hem the Vertex, 


3. The Leg Oc, the Sun's Diſtancefrom the Vertex, or Com- 


As 


. 
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As S. c. Leg Pe Radius:: f. c. Hypot. OP -- S. c. Leg © e- 
As 5. 51d. 32m. · S. 90d. : : S. 20d. 12m. . S. 26d. om. 
Sun's Altitude when Lat and the fume when We 
1 is to Radius 

So is the Sine of the Reflection, e 


the Sun's Zenith Diſtar ce ; or his Diſtance from the Vertex, in 


this Caſe 63d. 50m. 


2. For the Angle O P c, the Hour from Noon, the Propor- 
tion is; 


As Radius T. Leg Pc : : T.c. Hypot. 7 P. f. c. Angle ©Pc. 


As T. 45d. . = 28m. :: T. 20%. 22” -- 8. 17d. oom. or Ih. m. 


„n bene ne the lan 
So is the Tangent of the Reflection, to the Sine Complement 
of the Hour from Noon, when the San is due Eaſt, or Weſt ; 
The Sun is Eaſt at 8m. after 7 of the Clock in the . 
and Weſt at 52m aſter 4 in the Afternoon. 
In this Triangle may Problems 18, 19, 20, 21, 22, and 23, 
of Section 2. of this Chapter be reſolved. 
Problem 4. The ſame given as befare in Problem 2. to find the 
. Sun's Diſtance from the Vertex; and his Azimuth at the 

Hour of Jix. Plate 8. Figure 1. 


_ 


Latitude (4. 3am. N. 
277 — oo in It . 


% — : 3 — — 1 — TT 4% —ʃ8wEn& I — — — * __ 
N * 
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or the Corplement of the Latiade, in 


Hypotenuſe b©, the Sun's Diſtance from 
me &, The Hypo of his Altitude at the Hour of 6. 
4. The Angle | 
North Latitudes, and the contrary i : 
what part of the Path ſcever the Vertex is found, that 
the Hour Circle, intercepted betwixt it and the North 
the Globe, is the North part of that Meridian, or Hour 
Ci:cle; and intcrcepted betwixt it and the South Pole, is the 
South part of the Meridian. 
5. For the Hypotenuſe bO the Sun's Diſtance from the Ver- 


| tex at the Hour of 6, „ Section 4. 
| Problem 5. dy + 3 eh 4c is; 


Radius Pb: : S. c PO =. S. c. Hyp. b O. 
S. od. . S. 51d. 32m. : l gant 
Altitude at 6 in the Morning, or at 6 in the Afternoon. 

t is; 

As the Radius, is to the Sine of the Latitude ; 

So is the Sine of the Reflection, to the Sine of the Sun's 
Altitude, or C of his Diſtance from the Vertex, at 
the Hour of 6, equal to 74d. 19m. 

ben. 


Pb : : T. c. Leg · O. T. c. Angle PDO 
. 28m. :: T. 20d. 12m... T. 12d. 53m. Sun's 
Azimuth from the Eaſt, at 6 in the Morning; but from the 
Wet. at 6 in the Afrermoon. 


plement of the Sun's Azimuth from the Meridian, at 
of 6, equal to 77d. 7m. from the North; Pap; 
by N s in the Moring, and near W. by N. at 6 in the 
8 13, 14, 16, 16, and 25. 

— 


, the Latitude of a Place, 


Now; The Sun is faid to be in the when he is in 
2 1. neee 


Ex- 
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W 
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4- The Angle bPK, the Complement of the 


(the Hour from N 


Angle d PV, 
— 


Om | 
muth from the Me- 


(by Chapter 5. Section 4. Problem 1. 


the Hour of the Day fr 
K, the Sun's Azi 


is 
b 


Þ 


Pb : : T. Leg Kb. S. c. Angle Pb. 


1 


Due 


135 


8. 54d. 40m. the Sun's 


As Radius, is to the Tangent of the Latitude ; 
$o is the Tangent of the Sun's Altitude (when i 


33d. 


* 


| 246 
As 8. Hypot. P b -+ Radius: : 5. Leg Kb. S. Argle b P K. 


334 — — * — —ͤ— . 4 E amps nd - = 
— 2 = — 22228 — 2 — 2 — >> — ——ů— wy +74 — — — — — = 


Arexunic Probiems. 


Chap. IK. 


As S. 38d. 28m, . . od.: 8. 334. oom. . 8. 6rd. om. 
equal to 4h. 4m. That is; | 
As the Sine Complement of the Latitude is fo the Radius ; 
So is the Sine of the Sun's Altitude (when in the Equi- 
nectial) to the Sine of the Hour from Six, 61d. 6m. equal to 
4b. 4m. which add to 6 makes 4m. after 10 in the Morning ; 
but had it been in the Afternoon, it muſt have been ſubtracted 

from 6. 
In the fame Triangle, five Problems more may be reſolved, 


| which I leave the Learner to invent. 


Problem 6. The Latitude of a Place, the Sun's Place in the E- 
cliptic, and his obſerved Diſtance "from the Vertex given; to 
| Sad his Azimuth, and Hour of the Day. Example, 


Latitude — 8 1d. N. Sun's Azimuth 5 
Sux's Place — ＋ 1 *Cxiven: 85 
2 ©'sAltztude 36. 00 A. M. ©** e Hour of the Dy & 


To delineate this, Plate 8. Figure 1, 

1. Draw a Parallel Circle, 544. Diſtance from O, fs clus 
of the Sun) and where it cuts the Path (of the Vertex) is the 
place of the Vertex, when it's Diſtance from the Sun is 54d. or 
when the Sun's Altitude is 36d. as here it doth at 7 and 5. | 
2. Thro' 7, and P; and thro” 7, ard ; draw Great- 
Circles, which will f.xm the Oblique Spheric Triangle P 7 ; 
the like may be done thro” 5 and P, and thro” g and ©; which 
will form.two other Tri equal te them, 

In the Oblique Spheric Triangle © P 7. Plate 8. Figure 1. 

1. The Side P©, the Diſtance of the Sun from the Pole, 
found by Problem 1. to be 69d. 48m. the Complement of the 
Reflection 20d. 12m. equal to the Sun's Declipation. 

2. The Side P 7, the Diſtance of the Pole _ $ Vertex, 
5 equal to 38d. 28m. 

3- The ide Q 7, the Sun's Diſtance from the Vertex, or the 
Can > Adil lo Ge Papas god. gay. | 

2122 nd, Lo 


The 
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12m. the Sun's Azimuth, from the North, or 76d. 48m. from 
the South Eafterly, which makes E. by S. almoſt. 
And the Angle © P is 57d. 04m. or 3h. 48m. the Hour 
from Noon, which is g h. 12m. in the Morning. 

But had it been in the Afternoon, then the Hour of the Day 
is zh. 48m. and the Azimuth 76d. 48m. South Weſterly, or 
W. by S. almoſt. 

In this Triangle may Problem 1, 2, 3. 4, 5» 6, 7» 8, g and 
to of Section 3. of this Chapter be reſolved. 

Problem 7. The Longitude, and Latitude of a Star given; to 
find its Right Aſcenſion, and Declination. 8 
Example. Le the propofed Star be Capella, and ſuppoſing its 
Longitude 18d. 02m. in K { nh & os ' Right Aſcenſfoon & 
Latitude 22d. 52m. North Decination® 


To delineate this Problem. Plate 8. Figure 1. 

1. Lay off the Star's Longitude 784. oam. (from the Chords) 
on the Primitive Circle, from F to y, and draw the Circle of 
Longitude K y. 

2. From the Halſ Tangents lay 67d. o8m. (the Complement 
of the Star's Latitude, ar it's Dittance from the neareſt Pole of 
the Ecliptic) on the Circle of Longitude from K to &. 

3. Thro' P, and &, draw a Great Circle, which is a Meri. 
dian paſſing over the Star, and it's done. 

0 the Oblique Spheric Triangle K P *, Plate 8. Figure 1. 
ſerve : 
he Side PK, the Diſtance of the two Poles, or Line of 
Dveftion of the Earth's Axis equal to 23d. 3om, 
2. The Side K &, the Star's Diſtance frum the Pole of the 


Ecliptic, or the Complement of its Latitude, equal to 67 deg. 
08 min. 


3 The Angle PK &, the Star's Longitude from the Solſti- 
tial Colure, in this Problem 11d. 68m. from S. 

4. The Angle KP X, the Star's Right Aſcenſion from the 
oppoſite Point of the ſame Colure. 

5. The Side P X, the Star's Diſtance from the Pole of the 
Globe, or Complement of his Declination. 

80 that here are two Sides, and an Angle between them gi- 
ven ; to find an Angle, and the third Side ; which is | 
by Chapter 5. Section 5. Problem g. Caſes 7 and 8. of Oblique 
Spheric Trigonemetry, in pages 144 and 145, and being the 
ſame as Problem 11. of Section 3. of er, in page 234+ 
I leave it to the Leamer's Working, _ 
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Meridian, as P 9, to cut the Path of the Vertex in 9, and the 


| Noon, . the Sun's Right Afcention 
RATS found by ſubtraRt 
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Problem 8. The Latitude of a place, the Sun's place in the E- 
chptic, and the time of the Day given; to find what point of 
the Ecliptic culminates the higheſt Point in the Ecliptic. (cal- 
led the Nonageſima Degree, or goth Degree of the Ecliptic ) the 
Diftance of — of theſe from the Vertex, and the Parallactic 
Angle. or Angle which the Vertical Circle ma kes with the 

Ecliptic. 

It's uſual to find theſe things in the Calculation of Eclipfes, 
and the Moon's paſſing over Fixed Stars; which in the Ptols- 
maic Projection, are with much Difficulty ſhewn, but in this 
moit reacily and eaſily na 


Latitude 51d. 32m. N. Point Culminating 
Sun's place ood. oom. in oC given; <0 ma Degree 
Hour gh. ocm. AM. 8 Vert. Diſt. of each. 
required : To delineate this. Plate 8. Figure 1. 


1. The Sun's place, proper Meridian, and Path of the Ver. 
tex, being drawn as before, draw an Hour Circle, or Meridian 
thro” P 45d. (the Diſtance of the given Hour) from the proper 


Earth's Ecliptic in C, and in F. 
2. Thro' © 9, . 45 draw a Verticle Circle; . Pr thro? 
draw a of Longitude, to cut the Primitive 

Bat } and it's done. For, 


1. C is the point of the Ecliptic Culminating, or in the 
Meridian of the place, at the given time. 


2. N is the Nonageſima Degree, oe point of the 
Ecliptic at the ſame time. 
3. Cg. and Ng, are their reſpeCtive Diſtance, from Ladet 
Vertex at that time. 
4. The Angle N©g, is the Parallaftic Angle, or Angle which 
the Vertical Circle makes with the Eclptic at the the ſame time, 
In the Rectangle Spheric Triangle PS C. 
The Angle CP S, is the Complement of the Right AC. 
* of the Mid- heaven, or point of the Ecliptic in the Me · 
ridian of the place at the propoſed Lime, being the Time from 


But when the propoſed 


45d from 


7m. 49m. the Sun's Right Aſcenſion. 
2. The: 


4 is te Complemene ofthe Dice of f 
30m. 


ZLFaL an * = 


N F 
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3. The Leg C S, the Complement of Y C. is the Longi- 
tude of the Mid-heaven, or the Point of the Eclipuc Culmina- 
ting in the Meridian, at the propoſed Time. 
4. The Hypotenuie CP, the Diſtance of the Mid-heaven from 
the next or neareſt Pole of the Globe, at the fame Time. 
1. For the Leg CS, the Point Culminating, the Proportion 
by Chapter 5. Section 4. Problem 3. Caſe 7. in pages 137 and 
138, IS; 
As Radius . S. LegP'S :: : T. Angle CPS -- T. Leg C S. 
AsS. god. $.66d.3om. : : T. 77d.11m. -- T. 76d.02m. whoſe 
Complement 13d. 58m. is Y C; therefore the Longitude of 
aa yy de dt 58m. in F. 
. For the Hypotenuſe CP the Proportion is; 
Radius esc r . T.c.HypotenuſeCP. 
S. 12d, 3 Ay T. 5d. 3om. whoſe 
N. fem which take away P g 
oh hows the Vertex 38d. 28m. the Re- 
„ A Oe i — from the Ver- 
tex 46d. 2m. in the Oblique Spheric Triangle PgK. 
1. The Side PK, r Poles 23d. 3om. 
* The Side 9, the Complement of the Latitude of the 


3- The Angle KP, the Difference of the Right Aſcenſion | 
t rere 
found 70 Degrees, out of (1 2d. 48m. 
d to 360 Degrees, which is) nk. 48m. 

| Kg, the Longitude of the Nonagefma from 
the 


7- m pages 14 
6 PK, is 
Complement bt half the Angle KPq, to the 
Difference of the Angles PKg, and PgK ; 


| Complement of half the Sum of the Sie 


Chap. IX. 


* d. m. d. m. SS 1 

1. As S. 30.59 · S. 0. 29: : T. 38.36. T. 11.25. And, 
2. As 8. SY 8. 1 F. 42 IT. 42.43 Which 
being added, is the Angle P K 9 ——— — 54.08 equalto N, 
which ſubtract from ———— ——— 90.00 

Remainder is the Long. of the Nonagefima — 35 52 from Aries, 
Therefore the Place of the Nenageſima — 8d. 62m. in Taurus. 
Secondly, For the Side K 9, the Proportion is thus; 

As S. Angle PK g ++ S. SidePg ::S. Angle K Pg -- S. Side Kg. 
As S. 549. o8m. .. $.38d. 28m. :: S. 02d. 48m. . . $.48d. 28m. 
the Diftance of the Vertex irom the Pole of the Ecliptic, equal 
to which is the Altitude of the Nanag e m, whoſe Complement 
41d. 32m. is N q, its Diſtance from the Vertex. 

4 Again, in the Rectangle Spheric Triangle © N g. 

1. The Leg ON, the Sun's Diſtance from the Nonageſima, 
in this Caſe 24d. o8m. found by ſubtracting Y N 35d. 52m. 
from Y © God. oom. Y |: 

2. The Leg Ng, the Diſtance of the Nonage/ima from the 
Vertex ; found as above to be 41d. 32m. 
3. The Hypotenuſe © 9, the Sun's Diſtance from the Vertex. 
4. The AngleN ©9, made between the Veitical Circle and 
the Ecliptic, is the Parallaftic Angle ; to find which, the Pro- 
portion (by Chapter 5. Section 4. Problem 5. Caſe 13. in pages 
139, and 140) is, 
As Radius 8. 


. Leg ON :: S. c. Leg N g . S. c. Hypot. O 
\s 8. god. -- 8. 65d. 52m. : : S. 48d. 28m. . S. 2 
| Complement g6d. 55m. is the Sun's Diſtance from the Ver- 


Tune. | 


lactis 


is N g, is equal to 41d. 32m. 
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nadie Angle at the Moon, or at the Star ; and it's Diſtance from - 


the Ventex. 
Example, 
Latitude — 51d, 32m. N. ! 


$un's Place o5d, oom. in N . C Parattlaf, ang 
Hour 9b. A. M. > given: 15 and ; 

x Capella Lon. 18. oa in N ( CVertic Diſi. 3 X 
Its Latitude — 22.52 N. _ 


To delineate this, Plate 8. Figure 1. = 

1. Lay off the Sun's Longitude, and draw the proper Meri- 
gan, Path of the Vertex, the Hour Circle according to the 
propoſed Time, the Vertical Circle, and Circle of IT 
in all reſpects as before in Problem 8. 

2. Lay off the Star's Longitude and Latitude, as before in 
Problem 7. then is N the Place of the Nanageſima, 9 the Ver- 
tex, ard & the Star's Place. 

Through # and g. draw a great Circle, and it's done. 

For * 9, is the Star's Diſtance from the Vertex; and the 


Angle K & 9, the Complement of the Parallactic Angle requi- 


red: In order to the finding them by Calculation. 


Firſt, Find the Place of the Nonage/ima by Problem 8, which 
is in Taurus gd. 52m. equal to YN 35d. zm. 
Secondly, 1 he Nonage/ima's Diftanze from the Vertex, which 


Then in the Oblique Spheric Triangle X K 9. 
1. The Side KX, the Star's Diſtance from the next Pole 


of the Ecliptic, or the Complement of it's Laticade, equal to 
67d. os m. 


2. The Side K , the Diſtance of the Vertex from the faid 
Pole, eee Abinnts of the eſima, 
28m. found by Problem 8. in page 250. 888 _ 

3. The Angle & Kg, „nn 
ne equal „. rom. and is 
4. The Ange K # 141 8 


4. The Angle the Complement of the Parallactic 
Angle, at the given 


5. The Side . 1 3 
42 Na Nn the Proportion by Chap. 5. 


44 and 145, i, . 
1. Ma the zum of the er K , * is 


io the Sine of half their Difference : 2 
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therefore it's highly worthy of our Seamen's ar ge bi 
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ment of half the Angle X Ko; to the Tangent of half the Diſſe- 
rence of the Angles KN, and Kg. Then, 
2. As the Sine Complement of half the Sum of the Sides K &, 
Kg, is to the Sine Complement of half their Difference; 
Complement of half the Angle *Kg; 


: ASS. 57-48 - S. 9.20: 7.68. 55 


2. As S. 32.12 · S. 80. 40:: T. 68. 5 2 7.78. 14. They deing 


ſubtracted, gives the Angle Kg 5148 whole Comple- 


ment 38d. 21m. is the Parallactic Angle at Capella. 


Secondly, To find #9, the Vertical Diſtance, the Proportion is 
As S. Angle K*9 . S. Side Kg : : CAngiett hg -- 8. Side & 9. 
AsS 51d 48m. --S. 48d. 28m. : : S. 42d. rom. S. 39d. 45m. 

The Diſtance of the Star Capella tom the Vertex at the Time 


propoſed. 


I might proceed to other Problems, and ſhew how they are 


(a ft) nende which was the Orthogra- 

Globe ; whereby the Moon's  Appulſes 

| al the Appearances 4 Oc- 
nies or — 


HH: 


the Moon and 
ki Altitude or an Angle at 
nutes; it might be made uſeful to obſerve for Longitude 


T7 


out ſuch Altitudes, it will not find the Longitude un 
three Degrees: And 22 ons ot 
ment hath by an Act of Parliament promiſed Twenty 
Pounds, and for the Learner's Help herein, I am ready 
icate all the Aſſiſtance I can elſewhere ; 
Place for it, leſt the Book (ſwelling too bi 


4 
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, 


3 Screws, by their turning, will ri 
e ee Ag 


S 7 8 


what it 


CHAPTERX. Of the Vaviation ofthe 
is, how to find it, and how to reftify the Compaſs thereby. 


D:. Variation of the Compaſs, is an Arch of the Ho · 
rizon contained between the Meridian of the Place, and 
the Magnetic Meridian; it's either Eaſt, or Weſt, and never 
exceeds go Degrees. 

2. Eaſt Variation, is when the North Point of the Magne- 
tic Meridian lieth Eaſtward of the North Point of the Meridian 
of the Place; but if to the Weſtward, then is. it called Weſt 
Variation. 
3. Magnetic Meridian, is a great Circle paſſing thro', or by 
the Magnetic Poles ; „ 
otherwiſe hindered) hath reſpect. 

4. Magnetic Poles, =e two moving oppolite Points, mating 
their Revolution about the Poles of the World (as Mr. Bond 
faid in his Longitude found, page 7.) in 600 Years in a Circle 
about 8d, 3 therefrom ; and their Motion (as he 
faith ) is the Cauſe of the Variation of the 


Compaſs. 
$ ee is found by an Amplitude, or 


an Azimuth. 
ariation of the Compaſs by an Amplitude, 
ne ee the Place, the Declipation, and 
given. 


@ SS ORINny RT a AMPArNCG Ro 7 


* = it's the apparer:t Riſing, 
, or Welt points of the faid 
the Sun, either at his Ri- 


Compaſs. 
8. Ampl tude 


S " 7 


28 
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8. Amplitude, is an Arch of the Horizon, contained between 
the Sun and the Eaſt, or Weſt Points of the Horizon ; and is 
found by Chapter 9. Section 2. Problem 4. in pages 2:6 and 
217, Which call the True Amplitude. 

. 9. If the two foregoing Amplitudes agree, that is, the Mag- 
netic and True Amplitudes (which is ſeldom) there is no Vari 
tion ; but if they differ, their Difference rightly counted is the 
Variation. 

Note here; If you always count both Amplitudes from the 
North; then Ap .. a Gmneral Rule. 

At Sun Riſing | l eee | SAmplitate createft, the 
Faſt , ' 


Example 1 1. At Sun Rifing, ſuppoſe the True Amplitude be 


| Faſt 33 Degrees Northerly, and the Magnetic Amplitude be 
Eat 17 Degrees Northerly ; then counting both theſe from the 


North, the True Amplitude will be North 57 Degrees Eaſterly, 


and the Magnetic Nor.h 73 Degrees Eafterly ; the Magnetic is 
the greateſt, and the Difference is 16 Degrees, which is the Va- 


nation Weſterly : If this had been at ping, the Variation 


would then be Eaſterly. 


Trenph 2. — let the tran Amplitude be Weſt i6 
Northerly, and the Magnetic Amplitude Weſt g Degree 
Southerly, both counted from the North, the True e 
boa Doreen hehe og tic is 99 
from the North, ard is the greateſt ; their % 


Srees, Whick is the Variation Eaſterly. 


— oy þ 9 when it's to the Leſt-hand, then d 
Variation is Weſt. 


Theſe Rules will be »»»»%»»»„„ . 


| following. 
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Latitude — —.— — 
De Sun's Declination —— 20 10 
©'s Magnetic Amplitude 127 10A.M. } Required ? 

To delineate this Problem Orthographically. 
1. Deſcribe a Circle and quarter it; on whoſe Diameters place 


W.N. E. and S. (but always) N. at the Right Hand, and A at 
the Center of the Circle. 


2. Lay the Lat. fy dach 5 from? g upwards 9411 
ard the fame way from Wa” & a) dw as a HT. 
and the Equinoctial A A Q. | 

3+ By laying the Chords of the Sun's Declination on the Pri- 
mitive Circle from the Equinoctial, draw the Parallel of Decli- 
nation parallel to it; as the ſtreight Line d Ce, to cut the Ho- 
rzon SAN, in C, the place of the Sun's Rifing, or or Setting, 

4. Meaſure AC on the Line of Sines, is the Sun's true Am- 
plitude North, if the Declination be North : but South when 
the Declination is South. 

5. Draw the Line CF, parallel to WAE (downward when it's 
all, but ape if it be PM) to cut the Primitive Circle in F. 


6. Lay the Magnetic Ampl, if J f. l ! from { & Ito 


G, on the Primitive Circle, towards N it it be North; but 
towards $ when it is South. 

7. The Diſtance from G to N, laid (the fame way) from F - 
to Falſe North, (which now is the North Point of the Compak,) 
| and it's done. 

For the Diftance from. Nu to fille North, meaſured on the 
Scale of Chards, is the Variation of the Compaſs. 

To find the Sun's true Amplitude, the Proportion by Chap. 
9. Section 2. e 
As S. e. Latitude Radius: 0 Declinar. - S. © Amplitude. 
As. gb. 28m. 8. god. : ten 8. 33d. 40m. N. 

m. 
Sun's true Ample. EF. 33. 40 E. N. or NF $6.20 North Eaſterly. 


Sun's Magnetic FG 17.10 8 RS. 


Subtract gives the Variation = 16. 30 Welt. 
Example 2. d. m. 

L 1 | 

The 385 Declination 4 Mi bers Fariat. Reg. 
. 
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Anfiver. The Sun's true Amplitude is r 3d. 42m. Eaft North- 
ery, found by the foreſaid Proportion, by ED Variation is 
38 1 m. d. 
rue Amp 13-42 EN. or NF 56 18 N. Fafterly 
© Magnetic Amp. EG 15.10 ES. or NG # to N. Eaſterly 
Subtract, the Variation — 28 52 Weſt. 
The following Examples are for the Learner's Exerciſe, and 
5 are wrought by the foretaid Directiom and Rules. 
Equmple 3. d. m. 
The) Sun's Devinarim 15 40 South Leven; 
un's jon 15 40 given ; aria. required? 
* Ampl. 9 12 8. pM) 
According to the foreſaid Rules, it's as follows: 
mz 7 4 m. 
© True Amplit. WF 16 o6 WS. or NF 106 06 N. — 
© Magnetic — WG 9 12 WS. or NG 9 12 N. Weſterly 


Subtract gives the Variation 6 54 Welt. 
Example 4. d. m. 
Latitude 50 40— 
The 57 — 19 50 — — Variat. req, 
© Magnet. Amplit. 5 1 P. M. 


Anſwer. _ OOO m. Weſt, 
Example g. d. m. , 


Latitude 21 JO cn 
The I Sur Dechnation 17 56 = 5 Car on 


© Magnet. Ampliz. 10 2 M. 


— 25 30 South 
Thed Sun's Declination 18 12 North Ogi ; Jariat. Reg. 
(O Magnet. Amplit. 9 50S. AM. 
. The Variation is 30d. 6m. Weſt. 
| Sect, To find the Variation of the Compaſs by an Azi- 
muth, obſerve theſe following Definitions. 

1. "Magnetic. Azimuth, is an Arch of the Horizon contained 
between the Sun's Azimuth Circle, and the Magnetic Meridian; 
Or it's the apparent Dilftance of the Sun from the North, or 
South Point of the Compaſs ; and is found by obſerving the Sun 
dy the Azimuth Compaſs, either in the Forenoen or Afternoon, 
when he is about 5, 10 or 15 Degrees 


high. 
2. Azimuth, n Arch of the Hcrizon contained beer 


Chap. X. Fariation of the Compaſs by an Azimuth. 257 
the Azimuth Circle paſſing over the Sun, and the Meridian of the 
Place, which I call the True Azimuth, and is found by Chapter 
9. SeFion 5. Problem f. of Aftronomy, in pages 229 and 250. 
3. If the ſaid Azimuths agree; that is, if the | rue 
an Magnetic Azimuth agree, there is no Variation; but if they 
differ, their Difference is the Variation; which rightly, to account, 
obſerve this General Rule. 
Reckon always both Azimuths (like as I faid for Amplitude in 
page 254+) from the North. 


io the Ferenoen the e len gente, the 

{ .», \ Weſt. 
Wn But in the Afternoon it's Eat. 

Example t. In the Forenoon, ſuppoſe the Sun's true Azimuth 
from the North to be 80 Degrees, and the Magnetic Az muth 
at the ſame time to be 101 Degrees, the Magnetic is the gieateft, 
and their Difference 21 Degrees is the Variation of the Compaſs 
Wefterly ; but Eaſterly, had it been in the Afternoon. 


Variation is 


115 Degrees, and the Magnetic Azimuth 101 their 
Difference 14 Degrees is the Variation Weſterly ; but Eafterly, 
had it been in the Forenoon. 
Or thus, by the following Rules. | 
1. Always count both Azimuths from the North, in North 
Latitude; but from the South in South Latitude. | 
2. The lefs Azimuth ſubtract from the greater, gives the 
Variation. | 
3 Placing both the Azimuths (before your Face) from you, 
if the true Azimuw'h be to the Right-hand of the Maguetic, 
the Variation is Eaſt. Bur if to the Lefi-hand the Variation is 
Weſt. 


Theſe Rules will appezr plain in working the Examples of the 
next Problem. 


Problem 2. The Latitude of the Place, the Sun's- Altitude, Sun's 
Declination, and bis Magnetic Azimuth given, — Va 
riation 4x Compaſs ? 2 


Latitude 51 32 North 
med Jeden 11 ILY: 


given : Var iatiom 
Declination- 15 10 North required ? + 
Magn. Azim. 101 10 North 
% Prablem — Plate 9. Fig. 2. 


Example 2. In the Afternoon let the Sun's trus Azimuth be 2 
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1. Deſcribe a Circle, quarter it, lay off the Latitude, draw the 
Zquincctial, Axis, and Parallel of Declination, in all reſpects as 
before directed, (in Problem 1. Poge 2 255.) 

2. By hying the Chord of the Sun's Altitude on the Primi- 
tive Circle trom the Horizon 8 A N, draw the Parallel of Al- 
titude parallel to it, as is the Lin- a Cb. to cut the Parall:1 of 
the Sun's Declination d Ce in C ; the Place of the Sun at that 
time. 

3- Draw Ch parallel to W AE, downward when it's A.M. 
but upwards if it be P. M. till it meet in an Arch (made with half 
the Parallel of Altitude) from the Center (of the Primitive Cizcle} 
A, and cutteth the faia Arch in bp. 

4. By A and h draw a Line, to cut the Primitive Circle in 
F; then NF, or SF, meaſured cn the Scale of Chords ſheweih 


* the Sun's tree Azimuth. 


5 Lay the Magnetic Azimath (if I Sh $ Latitude) 
from $ 8 N (when its of AMY) Goa 


the Primitive Cx. But if} f. I. Towards BY & to the 5 G. 
6. The Diſtance from G to N, laid (the fame Way) from 
F to Falle North, which is now the Monk N of the Cum 


paſs, and it's done. 
For the Diſtance from N to Falſe North, meaſured on the 

Scale of Chords, is the Variation of the Compals requir 
Then to find the Sun's true Azimuth, - 4" -- AE 
Chapter g. Seton 3. Problem 1. . 
d. m. m. 


| .00 g0.00 90.00 
— 1, 32 N. © 47. 11:39 A.M. © Decl. _15-10N, 


Comp. © 4rtitude78. 30 Gm if 2281 Al. „ agth Sins 
| ©'s diſt. fr. pole 24. 50| _ | 2 d. m. 
Sum is 191.48 . god. . 8.368. 28.: :5. 78.30 .. S. 37.33. 
The half Sum is 95.54 Then again, 

m o [4th Sine . S. half Sum: © x Rem. 2 5 
m. S. 95-54 8.2.04. S. 35-55s 

1 r 55, on = 4 Verſed Sines, is the 
Sum True Azimuth ——_ e 02m. North Eaſterly. 
Sun's — Azimuth - 101d. rom. North Eaſterly. 


SubuaRt giveth the Variation — 210. cem. Welt. * 
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And for the Learner's Practice, take theſe following Examples, 
Whoſe 8 found by the Rules fregoing. 
d. m g d. m. . 


d. m. 
*. 
- ©9 


13 10 North 
Aieade —— 17 50 A. M. given: Varia- 
On | South. tion re- 
TLatlindes 23 10 N. O Altit. — A. M. ©4Dect. 76 cs. 
Comp. Latitude b. So. Alt. 7a. 1007 dift. fr. Fole 100 5 
Comp. Ait 7. 100 Radius ++ S. c. Lat. :: S. c. CG Alt. - 
Oi. fro ro. 59] 
Sum is —- 288. 
The i Sum 127.50 E Then again, 
— + = 4 8. Sum: : S. Rem. . a 5th Sine 
67.48. 8. 127. 59 841 00 +» S. 17. 45. 
And againſt Sines 17d. 45m on the verſed Sines, is the 
O's True Azimuth —— — 113d. oom. North Eaſterly 


©'s Magnetic Azimuth —— god. rom. 23 
Subtraft giveth the Variation 22d, 50m. Zaſt. 


Example 3 1 d. m. 
— — — Wal | 
The 2 Altitude 20.19 P. M. given: Varia- 
Decli nation 19.12 South ( tion ä 
i agnet, AZ — 129 50 North 


Anſwer. By the 2 Direftions, the 
O's True Azimuth — 1274. o2m. N. Weſterly. 


s Magnetic Azimuth. — com. N. Weſterly, 
Subtract giveth the Variation ——— — 
Examlpe = * ® 
Latitude —— — 30 40 South 


Altitude — 10 P. M. 
Sun's 4 Declination 23 30 South { 
. Azim. 100 20 South 
An ſuer. The Variation was Yai 
Exumple 3. 5 
2 — 2310 South 


given: Variation 
required? 


Ahitude ene 10 15 A M. 3 Varia- 

Sen e 23 30 Wand ( Gap required ? 
Magn. Azim. — 102 — South 

Ex 


Anſwer, The ns Sts teen 
Ra 


| d. m. — «© 
5.g0d. --S. 76.50 :: S. 72.10 +» S. 67.58 7 


.* 
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2 6. d. m. 
Latitude. — 37.45 South Wy 
The \ Altitude 18.20 P. M. C given: Variation 
Sun's Declinat ion — 20.15 North required ? 


C Magnet. Azi. r15,40 South 

Ano. The Variation is 20d. ; am. Eaft. 

But the Variation may be found moſt readily by an Inftrument 
called a Reifier, whoſe Deſcription is as follows: 

The Rectifier deſcribed. Plate 10. 

This Inflrament confifterh of two Parts, which are two Circles 
laid one upon another, and ſo faſtened together in their Centers, 
that they reprefent two Compaſſes, one fixed, the other move- 
able; each of them is divided into the 32 Points of the Compaſa, 
and 369 Degrees, and numbred both ways, from the North, 
and the South ; ending at the Eaſt, and Weſt, in go De- 
rees. 

The Fixed Compaſs, repreſents the nn in which the 
North, and all the Points of the Compaſſes are fixed, and im- 
The moveable One, repreſents the Mariner's Compaſs fteer- 
ed by, in which the North, and all other Points are liable to 

In the Center of the moveable Compaſs, is faſtened a Silk 
Thread, long enough to reach the out- ſide of the fixed Compaſs ; 


But when it's made of Wood, there is an Index inſtead thereof : 
The Uſe is as follows. 


South towards the Eaſt, are termed the 2 
others towards the Weſt, on ne IR, 

Example 1. At Sun-riſing, ſuppoſe 
from the North, IL 2 5 
is the Variation of the Compaſs, and ich way 
— Place 73d. (from ken te Ne 


— | 
+ North ; that is, 79d. from the South 
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on the Left-hand in the moveable Compaſs, to 80 deg. from the 
North, or Left-hand in the immoveable Compaſs; then the 
the North Point in the moveable Compaſs ſtands at 21 deg. on 
the Right hand in the immoveable Compaſs, which ſhews the 
Variation of the Compaſs to be 24 Degrees Eaſt. 

Always counting Amplitude at Sun riſing, and Azimuth in 
the Forenoon, to the Right-hand, or towards the Eaſt ; but at 
Sun-Setting, and in the Afternoon, count them to the Lefi-hand, 

towards the Weſt. 

2. To red the Courſe by the Redtier: 
This Propoſition hath two Caſes. 
Caſe 1. Tae Variation of the Cumpaſs, and the Courſe ſteered, 
| being given; to find the true Courſe. 

Example 1. Suppoſe the Variation be 21 you Eaft, and 
the Courſe fliered by the Compaſs is NE by N, I demand the 
true Caurſe, the Variation being al:owed ? | 

1. Place the N. Point of the moveable Compaſs to 21d. from 
the North on the Right hand, in the immoveable Compaſs. 

2. Lay the Thread or Index (which is faſtned in the Center) 
over the N. E. by N. Point in the moveable Compats, keeping 

it ſtreight out; then ia the immoveable Compaſs the Thread or 
Index will lie on the 56 Degrees, or near N. E. by E. which 
1 required. = 

Example 2. The Variation 14 deg Weſt, and the Courſe feer'd 
ty the Compaſs, ESE. I demand the Ship's true Curſe? —\ 

1. Place the North in the Moveable Compaſs, to 14 Deg. 
Weft, in the immoveab!e. 

2. Stretch out the Thread, or Index, over E. S. E. in the 
Moveable, and it will lie on 82 Degrees in the Immoveable Com- 
— or E by S. a quarter E. the true Courſe 
Caſe 2. vos Vans 21 deg. Eaft, and the trus Courſe given ; 

the Courſe by the 62 
, 7 Variation of the Compaſs and the true Caurſe I 
* 


S 


N. E. by E. What Caurſe muſt I fer by the Com- 
Variation? 


in the Moveable Compaſs to 21 Degrees 


232 —_ — won a "ve 7 
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the Meridian 


Chap. XI. 
CHAPTER XI. Of an Obſervation, eitber of Sun, 
or Star, what it is, how, or with what, and when 
*tis taken, and finding the Latitude zhereby. 
1. AN Obſervation, is > 4 finding either the Sun's, or Star's 
Meridian Altitude (at Sea) wich a Quadrant, or with a 
Croſc-ſtaff. 

2. Meridian Altitude, is the Height above the Horizon of the 
the Sun, or Star, they being upon the Meridian of the Place 
of Obervating ; and that the Sun is, every Dav at Noon, but 
the Stars at different Times, according to the diff-rence of their 


| 5 0 Right Aſcenſions from the Sun's Right Aſcenſion. 


A Quadrant is the Inſtrument whereby only the Sun's Al. 
title (24 Sea) is found. 
4. A Croſs- ſtaff or Fore-ſtaff, is an Inſtrument whereby Ma- 
riners find either the Sun's, or Star's Altitude. The particular 
Deſcription of theſe Inftruments I here omit, having done it 


largely in the Mariner: Compaſs Rettificd ; to which Book I 


refer the Learner, and will now ſhew how to find the Latitude 
| after you have obſerved, which is called, working an Obtervati- |. 


on, and that in this one Propoſition 


Propoſition. The Meridian, Altitude of any Heaveniy Obje, | 
end it's 'Declination given ; to find the Jiiince of the Place of | 


Obſervation. 
this Propoſ::ton are two Caſes. 
Caſe 1. Where, or when the Object obſerved deth both Riſe and 
Set in 24 Hours. The Rules are theſe. | 
Rule 1. The Meridian Altitude ; and Declination of one 


kind : that is, both North, or both South ; the Difference of the | 


Zenith Diſtance, and the Declination, is the Lat. required. 

Nate, When the Diclination is greater than the Zenith 
Diſtance, the Latitude is of the fame Name ; but if leis, then 
of a contrary Name to the Declination, 
- Rule2. Tic Meridian Altitude, and Declination of contrary 


Names; that is, one North, and the other South, the Sum of 
| the Zenith Diſtance. and the Declination, is the Latitude re- 


quired, of the ſame Name with the Declination. 

Note 1. By Meridian Altitude South, I mean the Odject 
obſerved is to the Southward of the Obſerver ; and when North, N 
then to the Northward of the Obſerver. * 

Note 2. By Zenith Diſtance underſtand the Complement of * 
titude of the Object obſerved. 1 
| the zoth of May 1740 Os and [| 


Example 1. N 
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Altitude 61d. o8m. South; and his Declination 22d. oom. 
North, What is the Latitude of the Place of Obſervation 
1 | - | d. m. 
The Sun's Zenith Diftance o— — 28 52 South 
Sun's Declination anom—_—c — 22 00 North 
The Sum (by Rule 2.) is the Lat. of the Place 50 3 North 
Example 2. On the 1ſt of Ju 1740, the Sun's Zenith Pi- 
ſtance being 1d. om. North, and his Declination 21d. 58m- 
North. What is the Latitude of the Place —— 
d. m. 
Subtract the Sun's Zenith Diſtance con 11 50 North 
The Rem. (by Rule 1.) is the Lat. of the Place ro 08 North 
Example 3. On the 3d of June 1740, the Sun's Zeni h Di- 
fiance being 29d. 15m. South, and his Declination then 23d. 
| 19m. North. What is the Lat. of the Place of Obſervation? 
To the Sun's Zenith Diſtance o——— 29 15 South 
Add his Declination ——_—_ — 23 19 North 
The Sum (by Rule 2.) is the Lat. of the Place 54 34 North 
Example 4. On the 224 of March 1740, the Star Famelbaut 
| being obſeyved, and his Zenith Diſtance 204. 35m. North, this 
| Star's Decliuation (in page 178) is 31d. 03m. South. What is 
the Latitude of the Place cf Obſervatioa ? - 


Tuo the Star's Zerith Diſtance— — 2c 17 North 
The Sum is the Latitude required di — 51 20 South 
| Example 5. The 3oth of March, 1740, the Foot of the Cre» 
fers (by ſome called the Coct's Foot ) a Star much uſed in South- 
ern Voyages, being obſerved, his Meridian Altitude was 48d. 
obm. South; this Star's Declination (in page 178) is 61d. 31m, 
South. What is the Latitude of the Place of Obſervation: 
| i d. m. 
| From the Croſiers Declinatioan — t 31 South 
The Remainder is the Latitude required 19 37 South 
I Caſe 2. Where, or when the Objeft obſerved doth neither Riſe, 
ner Jet in 24 Hours; that is, doth not in the Diurna! Motion, 


TT 


* 
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Note 1. In ſome parts of this Earthly World, both the Sun 
and Stars do not riſe or ſet, but are above the Horizon, and 
upon the Meridian of the ſame place twice in the Space of 24 
Hours; and this laſteth but for tome part of the Year with the 
Sun, but always with ſome Stars. 

Nite 2. When the Sun, or a Star, doth neither Riſe or Set, it 
cometh upon the Meridian below or under the Pole ; and then 
It's at the leaſt Meridian Altitude. 

Note 3. Some Stars in ſome Places come upon the Meridian 
both below, ard alſo above the Pole; that is between the 
Zenith and the Pole, and then it's at the greateſt Meridian Al- 
8 

ofe 4. Where a Star cometh upon the Meridian both below, 
and alſo above the Pole, it's always to the Northward, both in 
its leaſt and greateſt Meridian Altitude, or elle always to the 
Soutirward. | 

Note 5. Again there are ſome Stars come upon the Meridian, 
to the Northward, and below the Pole; and to the Southward 
between the Zenith and the Equinoctial; and alſo to the South- 


ward, and below the Pole; and to the Northward between the 
Zenith and he Equinoctial. 


Note 6. Where te Bm anmerd © Bs dweiths deforn, or 2 
Star, buth above and below the Pole, the Latitude of that Place 
js of the ſame Name, with the Sun or Star's Declination : That 
is, if the Sun or Star's Declination be North, the Latitude of 
the Place is North ; but South, when the Declination is South. 

Note 7. For thoſe Stars which never come (the Sun never 
"doth come to the Meridian) above the Pole, at their preateſt 


Meridian Altitude, the furmer two Rules ſerverh for to find the 
Latitude. 


Then to find the Levinnds by tbe Sam wade the Pol, or Star: bath | 
under and above the Pole. The Rules are the/e. 


Rule 3. The object obſerved, being on the Meridian below 
the Pole, the Sum ef the Meridian Altitude, and Complement 
of the Declination, F ol the fame Name 


P 
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Example 1. Auguf# 1ſt, 1740, the Sun's Meridian Altitude 
below the Pole, or under the Pole, was found to be sd. oom. 
and his Declination 14d 3 zm. North; What is the Latitude of 
the Place of Obſervation ? . 

m. 

To the Complement of the Sun's Declmation 75 06 North. 
Add his Meridian Altitude below the Pole — 5 30 
The Sum (by Rule 3. is the Latitude. $0 36 North. 

Example 2. On December the 18th, 1740, the Hull: Eye 
Aldebaran came upon the Meridian under the Pole, and his Me- 
rdian Altitude was obſerved to be gd. 10m. this Star's Declina- 
tion (in Page 178) is 15d. 56m. ** What is the Lat tude 
of the Place of Obiervation ? 


4 1 
To the Complement of Bul?s Eye Declination— 74 4 North 
Add his Meridian Altitude under the Pole 9 ro | 


The Sum (by Rule 3) is the Latitude — _ 4, North 

Example 3. On June the 11th, 1740, the Foot of the Crofiers 
was obſerved under the Pole, its Meridian Altitude 21d. 25m. 
the Declination of this Star (in page 1 8) is 64d. 15m. South: 
I demand the Laticude of this Place of alion ? 


8 | 
| To the Complement of the Star's Declination 28 29 South 
Add his Meridian Altitude mn— ¶ð•2—!:P 21 25 


The Sum (by Rule 3.) is the Latitude =——— 49 54 South 
Example 4. The 17th of February, 1740, the Northern 
Printer of the Great Bear came to the Meridian above the 
Pole, and his Meridian Altitude was 56d. 10m. this Star's De- 


clination is 63d. 14m. North: What is the Latitude of the Place 
of the Obſerver ? C a. - 


From the Star's Meridian Altit. above the Pole 56 10 
Subtract the Complement of his Declination — 26 46 North 
Ber abs e e ee eee 29 24 North 
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and the manner how it's kept, Direftions to corre it, 
with an Example, and the Explanation thereof. 
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How to keep a Fournal. Chap. XII. 
tion of a Ship, and all in it; the . Ignorance thereof has been, 
(if not the only, I may ſay) the chief Cauſe of lofing divers rich 
A a Uh, and thence the impoveriſhing of ſe- 
rs ty 

L 4 tag it ſhould be their great Concern, to be ex, 
ZIFL take on them the Navigating Ships to remote 
when ſo great a Truft as Mens Lives and Eftates are 
in them, that fo, by a Knowledge of, and a conſtant 
keeping an exact Journal, they may not only 
Navi ators, but thereby prove themſelves de- 

itle of Compleat Artifts. 
keeping a Journal, I prefer this Me- 
mod hereafter — Which tho” it be be new, and uſed by 
few, yet I doubt not, when better known, it will be more 
uſes : Now that you may rightly underſtand what it is, and 
r 


1 . 


"To perfort which after the ae do theſe preparative 


Fu. Provide a Folio Book of 2, & + Gr hag 
per; and let it be ruled like the Log a (im Pars 6g) wi 
each Page. 


5 Columns, taking up about half the Breadth of 

I The five Columns may be marked or noted at the Head of ec 

Column with Letters, thus; | 

Hours, under it ave the Hows of the Day. 
> > run out that Day. 


— which have been ſteered that Day. 


Winds, which have blown that Day, G. 


S — wn £a wo 
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Thirdly, In the firſt Column (marked at the vpper end with 
H) write down the Hours of the Day; that is for Common 
Voyages, 2, 4, 6, 8, 10, 12, and 2, 4, 6, 8, 10, and 12: But 
tor the an Eaſl- India Voyage, 1, 2, 3, Cc. to 12 at Midnight z 
then 1, 2, 3. Cc. to 12 at Noon. And thus far is the Boo 
fitted, and prepared to copy eff the Log-Boerd. 

Frurthly, Under theſe 5 Columns let there de ruled 12 ſhort 
Cclumrs, which may take up the whole Breadth of each Page 
of the Bock. Theſe may be intitled as in the Journal follow- 
ing this Courſe, n Fages 274 and 998 
Explanation. 

Now ſuch a Book 228 here exprefs'd, each Page 
thereof will comain two Sailing, with all appertaining 
thereunto, as ſhall afterwards appear. 

Fir, Having a Journal Book thus prepared, and now on 
your departing, the firſt thing is to enter the Title of the Jour- 
nal, which may be done thus: In the Top or Head of the firſt 
Page of the Journal- Book, write the Title thereof in Words 

after the Form immediately before the Journal. in page 273. 

And now the Book is compleatly fit for the Uſe intended, and 
that is keeping a Sea Reckoning, after this manner. 

2. Next under, or after the Title, (write in the blank Space 
between the gih Column for the Wind, ard the Side of the Bock) 
the Tear, Month, Day and Hour, you parg with fight of the 
Land, and alſo the Circumftances and Actions attending the fare, 
&c. as here you may fee in the two firſt Sides of the Journal: 
which by reaſon of the ſmallneſs of this Bodk reacheth pages 
274 and 275, whith wwe t9 ba amps hut as ens Page, beers 
of the Journal. 

3. Every Day at Noon, write in the 5 Columns the fame you 
ind written on YG which contain old Bp 


my fa. © << © 


- 


I} 
e 
e 
d 
ts 


—_ the Right-hand of theſe Co- 
(which takes up more than half the Breadth of the Bo0k) 
expreſs the Tranſactions of that Dey, as V/ inds, Weather, Cur- 
ſetting of the Sea, handing of Sails, meeting or parting 
| Ships, Death of Men, n 
other Accidents and Occurrences whatſoever | 


» 


Fs 


Secondly, The Wind blowing hard to cauſe one Top-fail to be 
taken in; allow two Points for Leeway. 

| Thirdy, When it blows fo hard that both Top-fails are taken 
in, and the Sea runs high; allow then three Points for Leeway., 
"RC. The Fore-fail being furl'd, and the Ship Tries under 
 « Main-fail, and a Miſſon; allow four Points for Leeway, for 
ſhe then makas her way about four Points before the Beam (a 
the Sea Phraſe is.) 


When the Ship Trys under a Main-fail only, ſhe then 


Fi 
Lr the Beam, that is, near 
Five Points for Leeway. 

Sixthly, If the Ship Trys under = Miſſon only, her Way is 
1 that is, allow fix Points for 


Eighthy, If the Wind hath blown hard at WSw. and made 
the Sea run high, the Ship ſtemmeth South, and the Wind — 
ing to ESE. then whilſt the Sea continues to run high, it ſtri 
the Shipon the Lee-Bow, and abates the Leewsy. 


high, and the 
eee. 
ſetting the Ship's Wake by the Quarter of the Compaſs, placed 
or — mn 
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Sail aboard, Streſs of Wind, and growth of the Sea, being put 


into Practice, will fo improve the young Navigator's Judgment, 
259 „„ the Ship's - 


6. „ 
Noon to Noon, which is the 
Aſtronomic, the Dzy by which the 
Reckoning. 

7. Remembring always to obſerve fc 
Opportuni'y preſents, either or Stars; it | 
chief thing to be depended on, and by which the Reckoning is 
confirmed or rectified, which is the next thing to be treated of. 

$. When the Latitude by account agrees with the Latitude 
by Obſervation, then is the Reckoning confirmed, and you are 
ſure it's kept well. | 

g- Bur if they diſagree, then either the Ship hath out-run 
your Reckoning, or your Reckoning hath out-run the Ship : 
| aud there is ſome Error, either in the Courſe, Diſtance failed, 
or both of them; Now to find where the Error lies, conſider 
whether thane he — or no, 

10. If there be a Current, try it, and find which way it ſets, 
and how faſt : and by that correct both Courſe and Diſtance ; 
and if that makes the Reckoning Latitude to agree with the Ob- 
ſerved Latitude, you have then truly corrected the Reckoning. 


But if you, only by ſome probable Reaſon, panes. wd 


v4 


B = - 


FSA or 
ſome other Cauſe of this Error in the Reckoning. 

11. When there's no Current, nor any Variation, or if there 
be either, or both, and they are allowed for ac to Art 
and Reaſon, and yet will not agree with the Obſerved Latitude ; 
then there is an Error either in Steerage, or in the Log, and to 
OW OOO take this 


12. When there is an Error in the Courle fteered, you maſs 
{after the Allowance in the zoth and 11th Rules hare been 
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made) then only correct the Difference of Latitude, and ſo make 
the Latitude by Account to agree with the Latitude by Obſer- 
_— and the Work is dore. 
| 3- But when the Error lieth in the Leg, the Diſtance is 
* and this is that which moſt uſually makes the Difference 
detween the Obſerved Latitude, and the Latitude by the Ac. 
count. And herein are two Caſes. | 


| Ciſe 1. In North Latitude, failing towards the North ; and in 
South Latitude, filing towards the South. | 
If the Obſerved Latitude be the greater, then hath the Ship 


_ out-run the Reckoning; but if it de the leſs, the Reckoning 
| hath out-1un the Ship. 


Caſe 2. In Norfh Latitude, failing towards the South ; and in 
| South Latitude, ſailing towards the North. 


If the obſerved Latitude be greater, then hath the Reckoning 
out-run the Ship; but if it be the leſs, the Ship hath out-run the 
14. When the Ship hath out-run the Reckoning, then is the 
Reckoning too little, and the Difference between the obſerved 
Latitude and Reckoning Latitude, muſt be added to the North 
or South Column in the Reckoving 3 and fo doing it's corrected, 
But when the Reckoning hath out-run the Ship, then is 
koning too great, and the Difference between the Ob- 


16. To correct the Departure (the Eaſt, or Weſt Column 
in the Reckoning ) when the Error is in the Diſtance, * 6 
Add up the N. S.E. and Weſt Columns from the beginning, if 
it be the firſt Error ; otherwiſe from the lait Error, or from the 
Obſervation to the Day of the preſent Error; in order to find 
the Difference of Latitude and Departure; as was ſhewed in ad- 
ding up the Columns in a Treverſe. 

then the Proportion to find the Error, or Correction in 
| is this ; 

Difference of Latitude, is to the Departure; 

is the Correction in Latitude, to the Correction in Departure. 
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ing to the 14'h, or 15th Rule aforefaid ; and ſo the Depar- 
ture will be corrected. 

17. To correct the Longitude do thus; Find (by. the Table 
is of Meridional Parts ) the Meridional pieace of Latitude, be- 
e teen the obſerved Latitude, and the Reckoning Latitude, and 
— then the Proportion is this: 

| As the CorreQtion in Latitude, is to the Corredtion in De- 


n 80 is the Meridioval Difference of Latitude, to the Correction 
in Longitude. 

Then according to the new Way of Computation of Lon- 
gitude in the Mariner's Compaſs Refified, if the 
and its Correction be both Eaſt, or both Weſt, add; but cvs 
Eaſt, and the other Weſt, lubiraft, and the Longitude is Cor- 
rected. 

And having gone over the Rules, and Direftions about 
keeping, and correcting a Sea-Reckoning, or Journal; I will 
' alſo give an Example of a Journal, of an intended Voyage from 
the Lizard towards Barbadoes, that the foregoing Rules may be 
the better underſtood. | 

And altho* this following Journal be but an Exampls of ſeven 
Days (being ſo deſigned that this Book might not ſwell too 
big) yet it may be of ſulſicient Intelligence to a dilligent Rea- 
der, for the right underſtanding this Method of Keeping, and 
Correcting a Sea- Journal; eſpecially if the following Explana- 
tion be deliberately compared with the preceding Directions; 
and thereby as informing, as if the whole — — 
had been inſerted, which would have both — the 
n 
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Feet, and a Mile (or Minute) 5500 Feet; and becauſe an Half 
Minute of Time is the 120th part of an Hour, and the 220th 
part of (a Mile) 5000 Feet, is almoſt 42 Feet, the mcaſure 
commonly put between each Knot on the Log-Line. 

But this E rroneous Computation hath been tufficiently contra- 
dicted by Mr. Oughtred, Mr. Norwood, and others. 

Mr. Ong htred, in his C:rcles of Proportion, in page 153, doth 
allow 66 Statute Miles to a Degree on the Earth, each Mile 
| being 5280 Feet, fo that in a Degree there are 349.800 Feet. 
And Mr. Richard Norwood in his Seaman's Practice, page 43 
_ doth prove a Degree on the Earth, to contain 367 200 Engl 
Feet: but at length conſents to allow 36co00 Feet to a Degree, 
and fo 6000 Feet the 6oth part, to be one Minute, commonly 
called a Mile ; fo that 6000 Feet ſhould be the Number from 
whence the Knots on the Leg-Line ought to be deduced. 

Therefore, if 6000 (the Feet in a Mile or Minute) be divided 
by 120 (the Half Minutes in one Hour) the Quotient is 50 Feet; 
for the Diſtance of each Knot, on the Leg-line, and 25 Feet is 
half a Knot. | | 

| Now g being the one Tenth of 50, let each Fathom on the 
Log Line contain 5 Feet; ard then 5 of theſe Fathoms make an 

Half Knot, and 10 of them one Knot. 

And according to theſe Meaſures, let every Man that would 
keep a tme Reckoning, and give a good Account of his Voy- 
age, be perſuaded to mark his Log-Line, and not let Cuſtom 
prevail above Reaſon. | 


Then it follows, That if a Ship runneth out one of theſe - 


Knots in half a Minute, ſhe runreth one Mile or Minute, (the 
Goth part or a Degree) in an Hour ; if 2 Knots, then 2 Miles; 
if 3 Knots and 4 Fathoms, then Miles 3.4 ; that is, 3 Miles 
and 4 Tenths of + Mile in an Hour, and fo for any other. And 
by ſuch a Log-line is the following Reckoning kept. | 
The like Regard muſt be had, that the Half Minute Gla$ be 
of a juſt Length, otherwiſe no true Account of the Ship's Way 
can be kept: Now for that, take an approv'd I 7 men- 
_ tioned by Mr. F hilips, in his Advancement of Navigation, the 
Second Part, Page g. 2s follows. | 
A eaſy and exatt May te meaſure an Half-Minute Glaſs. - 
Ler a Plummet of any form or weight, be faſtened to one end 
of a Thread, or Silk-ftring, that is 38 Inches long, and at the 
other end is a Loop or Nooſe, to hang it on a ſmall Pin or Nail, 
faſtened in any Place, ſo that the Plummet may ſwing freely. 


Then the of the String being hung on the Pin, the 
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A Journal of a VOYAGE 

y God's Permiſſion) in the 

George of London. A. B. Commander, 
FROM THE | 


Iſland Barhadees in 4 


Their Difference of Longitude 524. 40m. Weſt. 
: The Courſe from the Lizard, S. 49d. 33m. ord]]· 
Their Dittance in that Rumb, 3407 Minutes. 2 
Kept by C. D. Chiet Mate. | 
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Chap. XII. 


© The x 3th of ennery, 1740. At Noon we ſaw the 
Lizard Point gh of Januar about 18 Minutes or Miles 
Diſtance of us: We had variable Winds, freſh 2 
cloſe hazy rainy Weather, as per Columns. | 


— 


In Company with the Succeſs, Capt. E. F. Commander; 
bound for the Eaſt- Indies. 


127-3 | 48. 2 North [ 02.07 
82 


L 
— 
©. 
2 
bz 
2 


4 The 15th of Fanzary 1740, hard Gales of variable 
Winds, 12 Hail and Rain. 


Courſ: and Diſtance I judge to be S. W. by W. 
halt Weſt, 133 Minutes, with Latitude, 8 


UWOUINTY 


_—G 


_ *1ySupry 


2 The 16th of Fanzery = 2.50 
very hard Gales, thick Air, fome Hail and Rain. 


A great Sea after us, 2 the 8 8 W. for 
theſe three Days paſt. 


By Obſervation the Ship hath out- run the Reckoning 
24 Minutes South, which being attributed to the $$ W. 
mw 


Our Courſe and Diſtance corrected, is s W dy S. 3 
quarters W. 204 Minutes, with Meridional Diſtance, * 
Lougitude, as underneath. 


d. m. + 5 
Zenith Diſtance 63.42 S. | © Mag. Ampl. 13.00 WS. 
| O's Declination as S. © True Ampl, 27.10 WS. 


— — — _- 


Lat. by Obſerv. 45.7 N. ] Variation —— 14. 10 W. 


Depart. in Min] Lanntude by Meridional b Longitude by 
— — Account in Diſtance in Account in 
Sj 2 . and min. | deg. and min. 


| 4 Journal from Englan& — Chap. XI. 
5 Feet] C 


SW by S. N. 


Spy 1yy __ 


Chap. XII. 


# The 19th of January, 40, cloſe Weather, with 
ons N 8 ; 
ain, rn Gales, al variable; with 

a great 


2 The isch of January 1749; clear ae 
mixt with firialt Showers of Rain, freſh Gales, and a 
* 


About 6 this Morning we faw two Sails on our Lar- 
boa d-Bow, which we judged were Turks Men of War, 
who chaſed us till Sun-ſer, and could not get — us 5 
— lay by, 2 


Our Courſe is 8 8 W. 124 Minutes, with Latitude, 
Meridional Diſtance, and Longitude, * 
2 


q * WW d. m. 
© Zenith _— © Magnet. Amplitude ———— 
@ Declination - © True Amplitude — ——— 
Lat. by Obſervation — | Pariation — — 


Chap. XII. . 


s 
hb: The 19th of Gantt 1749. Freſh Gales, un- 


certain Weather, and a NNE. Sea after us. 
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Our 
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by Obſerv. 36. 
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As m. 51 78 CS: 'T. ant. « - T. 68d. ( or WS, | 

Then, As Sine Courſe --- : Radius Diſtance. 
+ M. 12 


of Latitude, is to the Departure ; So is the 
SE pra ERS: od tba ares 


O13 ? 12 2 447 found in the Table of 

O13 Pas 4. kt FR rr 4a | 
The Meirdional Difference of Lait nos 
As gim 13 m. 127 $8: : m. 78 - * or 3d. _ afterly, 
which being added to the Longitude of the Day before 5d. 24m. 
the Sum 8d. 37m. Weſt is the prefent Longitude, which place 
5 lait Celumn of the Journal : Then that Day's Work is 

4. 3 


Then, from the 14th Day at Noon, to the x5th Day at Noen | 


(in the :wo next Pages of the Journal) the Courſes and Diſtances 
tor every two Hours, the Wind and Weather, wich other Cir- 
cumſtarices attending, taken from the Log-Board, are ſet down 3 
for the Particulars, tee the Jozrna! in Pages 276 and 277. 
Now the teveral Courſes and Dittances of: this Day are redu · 


ced thus; 
3 the 25th of January, the ſecond Day's 
pb, 0.4 ren Piet 


— 


WSW. m. 108.2. 
Section 4. 
into one 


enn 


6 nd 77. 
be Remain: 


827 
22 


be he? 


are theſe. 


Pages 2 

jy > wp 
Account, 
11 


m. 7 
before, 4 
Larnade by 
277 
9.8 near 
it's W 


is Day 
and 


now ing 6m 


_ So that the Courſes of this 


Min. 
pee) 5 


C6 2 9457 
e 747.37 


which being 
the Sum. 12d. 10m. 1 is the 


* * 


P T mn. South W 
N a be Ih Ty wy | 


827 


e 
1 
2 
'S 
+ 

22 

8 

fan 


Work above 5. 0 on Welt, rr nas 
12 ure m. 129 4 Weſt, w sthe 
e N 45d. 47m. A or SW and the Ditrance 181 Minutes 
very near _ the reſpe&w-: Columns, in the Journal 

278 and 279. . 


for 2 January, in Pa 
| i Differenc: tude m. 125.9, or near 126 Ming 


equal to 2d. 6m. South, ſubtracted from the Latitude 
beß d. 37m. Remainder is the Latitude 


3527 


RY ©» Re 
os) 
2 = 
tf 


E 


+ ir 


the 15 \ 47d. 37m. $257 t | | 
15 27 75 . 8 . 
* The hes don Dx of Latiude—183 Min | 


? 


1 149-7 m. 139.3: : T. 458d. T. 42d. South 
„„ 
„ — 1 Diſtance. 

g m. m. 2 204mm. corrected Diſt. 
So that the Courle —_———z by Obſervarion is 
SW by S. three quarters W. 204 Minutes, which write in the 
for the ſaid Day, in page 279. Then the whole is R- 
d, and the Reckoning ſet to Rights for thai time. | 
And now, having largely ſkewed the manner of theſe three 
| Days Sailing, how they are wrought, and placed in the:r pr per 


Cœleſtial 
Pr Qi 


+ of the Table of Fogarithms. Chap. I. 
5 for the making Murcator i: 
ing Queſtions in that kind of Sailing. 
oportional 


Parts, ſor every 
in the Table of — — 


A — Paw da t to 10.0090. 

Artificial Sines, Tangents and Secants to every 
the > 4 hed the Radius being 10.00000c. 
Table of Aug ö Foe of 


Explanation, an 
1 and Table of Sines, Tangents and Secants. 


i E- _ " Logarithms being of more general Uſe than 
| begin with it, alto” jt be one of the lit 


| 3 The Us of the Tab of Ten Thouſand Logaritims 
0 beginning at 315. 

| pas Table hath its firſt Page divided into fix Columns, 

—f_ ages into ſeven Columns, and con- 

all Numbers, increaſing in their 

_ from x, to 20.000 ; after this manner. 

1. The Firft, Third and Fifth Columns of Page 315, contain 

encrealing 


. rr 
the other three Columns contain the Logarichms of them. 
2. The Lefi-hand Column of each following page (from page 
| 216 to page 357) contains Numbers encreaſing as before from 
200, to 999 ;; the next five Columns of each Page, contain the 
| Lagarithins & all Numbers from 100, to. 9999 Thoſe on the 
| Lefthand Page are diſtinguiſhed at the Top with the 
* ofj2 34. thoſe on the Right-hand with theſe Figures, $167,819. 
Numbers in the Left-hand Column, (under Num.) in 
| * Page, with the joining thoſe Figures at the Tap of the o- 
| ther Ten Columns, NINE HAY fins L00 Lad. 
1 The ht Column of rr 
N the Logarithms. | 


' fd the 


| Logarithm 
EEE 


Seck. I. The Uſe of the Table of Logarithms. 295 


Third, or Fifth Column, of page 315, under (Numb. ) at the 
Top, re and in the next Column under 
( Logar. ) is the Logarithm fought. : 
— 7 Suppoſe the given Number was 19; What i its 
Look in the firſt Column of page 315, under ( Num.) for 19, 
and in the next Column, under ( Logar.) is 1.278754, which is 
the Logarithm of 19 ; After the fame manger you will find the 


2 O. 301030 
10 70 5 1.000000 


1.653212 
2.000000 


Note . In every $ --- — Jag % 44, (to the Left* 
is called the Characteriſtic, Index, or Noting Figure» 
ad & foretd rs har how many — 
Number, (thereunto belonging) doth contain. * 1 8 
Note 2. The Characteriſtic or Index of every Logatithm, is 2n 
Unit leſs than the Number of Places in its correſpondent Abjulute 
Number. Thar is, 
5 . T 
rithms is o, from ro to 100, is 1: from 100 to rooo is 2; 
from 1000 to 10. 000, is 3; from 10,000 to 190.000, the 
Characteriſtic or Index, of their Logarithm is 4, Cc. 
Propoſition 2. 4 Number that confifts of theee Places, being, 
gruen ; to find its Logarithm. 

The Rule. Scek the given Number in the irg Column (of the 


Number, and in in the next Column under (0) at the Top, you 


of 6 Places beſides the Index Figure corre- 
ſpondent to the given Number; that intve Fumber is the Lagy- 
rithm ſought. 
Example. I defire to bnow the Logarithm beirn, to the A. 
a 
In the firſt Column of page 320 under {Num.) you'll find 
255, and right againſt it, in the next Column under (o] at the 
** is 332438, bendes 2 the Index Figure proper for 215 3 
. 220 == | 
1.3324 N 


Here note, that when the given Number is a Decimal Frac- 
tion, the Index hath a daſh over it, which by ſome is called a 
Negative, being it's the Index of a Logarithm whoſe correſpon- 
dent Abſolute Number is leſs than a Unit. 
| Propoſition 3. 4 Number conf fting of four Places given; to find 

the Logarithm thereef. 
The Rule. Seek the three firſt Figures of the given Number 

in the Left-hand Column, under (Num.) and the Fourth or I: 

Figure at the Top ; then in the common Angle of Mecting is a 


Numder of fix Places (beſides the Index Figure) before which if 
Characteriſtic 


as ni, you 


at the Top of Page (321 ; 
ad unter pl find (ed b Figure). — =o be- 
fore which prefix its proper Index 3, and it's 3-333850, the 
Logarithm of 2157. In like manner. 
215.7 J | 2-333850 
21.57 | | 1333550 
7 | | 2333550 


; and when it's (2) feek 
$S- But when it's 3, 4, or 


ichms as beforg, and the Number again it is the Number 


296 Uſe of the Table of Logarithms. Chap. I. 


e remaining Figures among the 


ws + Dt wc ca. co © 


.. .» buy mw wy Wy © wo. "DIR 


C2 


This 


* „ > Las. LAs hath. A \ cs 


Zect. I. The Uſe of ile Table of” Logarithms. 297 
Loet the given Lagari thm be 0.698970. * is 

the 45ſelure Number belonging thereunto ® —- © 

Logarithm 0.698970, you will find in the ſecond Column 

of Page 315, under ( Logar.) "at the Top, and right againſt it 

m the Lefi-hand Column under ( Num.) there is (5) which is 

the Abſolute Number ſought. 

Example 2. F demand the Abſolute Number Correſpondent to 
this Logarithm r.65 3212 ? 

Look down the tourth Column of Page 315, and you'll find 
1.653242 under (Logar.) to ſtand againſt 45 under ( Num.) 
which is the Number required. 

Example 3. het e NE AO®'@ this 


22 2438 ? 
Char:Heritic or Index 2, ſheweth the Number ſ 
Vo — ; nd hd On of Ko 
op 


Leſt-hand Page under (o) at the Top; in Page (320) you will 


kad the aforeſaid Figures 2 256028 © ns age (215) in the 
firſt Column under (Num. ) therefore the given Number tought 


is 215. 
Example 4. Suppoſe the given Logarithen be b ; 
What is the 4bſolute _e Os a thereunto I 333850 
Reject 3 the Index, _— CR i or te. 
liſts of tour Places ; and then looking down the fecond Column 
of the Left-hand Page, you will in Page (320) find the neareſt 
rejefting the Indices (being leſs than .333850 the given Loga- 
rihm) to be. 332438, and the Number againſt it in the Left. 
und Calome is (225) 5 then look o-cro6 the Pages in the toons 
Line direct, towards the Right-hand, from the ſaid 215, and under 
7 at the Top in Page (321) you will find the given Logarichm * 
333850, 215 in the Lefi-hand Column, and the 5 at 
op being put together, make 2157 the Number required. 


Section I. 6-090 of le Ps of Artificial Sines, Tangents, 
. end Secants, beginning in Page 358. 
T 


HIS Table followeth next after the Table of L 

and contains the Logarithmic Cine, Tangent and Secant of 
every Degree and Minute of the t. after this manner. 
I, Every Page is divided into 8 Columns, the firſt and laſt of 
ich contain the Minutes of every Degree, and the other 6, 


vs Locum ne, — 


2, The. 


8 The Uſe of the Table of Sines, Tang. and Sr * 
. Zina Column of each Page J ange- * Md 
atthe\ Fest þ of the Table containeth the Minutes 42 


Propoſition 5. To find the Sine, Tangent, and Secant of ay 
The Rule. If the Degree be J h N than 45, it's found in 
Gals Columas which have the Weak Tae, Trngent, Soc 


at the J Fot {of the Table. | 


Rungle 5. 7 demand the fine, Tung, ans Seca A 


_ 25d. 15m. 
Look for 25. 


9:6 


— 
Example 2. „ Hit ts Ke 
Secant of 33d. 

Turn to 3 . page 496) at the Head of the Tit 
and in the brit Column upon the Right-hand Page, under (Ain 
at the Top (of page 425) | find 4 45; rg right againſt which, and 
under (Sine) at the Head of able (in page 425) you wil 


ind 9-7447 396 which is + A pb. 45m. Allo 
45, and under (Tang.) you'll have 9.824893 the Tangent ai 
33d. 45m. Likewiſe againſt 45, and under ( Secant ) is 10.08 150 
er 45m. 
Example 3. Lt it be required ta find the Sine, Tangam, # 
* 6d. 15m. 
_ page 425) at the Foot or Bottom Tee 
a Tal. Right hand hand Column of (page 425) & 
FF 


Chap. I. mn Tang. * * 
then — 


gree | the Table, (in 
and in the gerd Column of that Page over min. a the 
over (Sine in page 402) you'll find t 
9.966705 3 and the Tangent in Line, over (Tang.) 
© be 10-390326. Alſo the Secant to be 10.423621. | 
"Propelinm 6. L fine, Tanja, ar Becant Ing gi 

find the Degrees and Minutes anſwering t 


Kinuter — 2 1 9.7 205. 
This according to the preceding Kule, being the Sine of leſa 
than 45 Degrees, I run over the Columns which have (Sine) 
pH, of he Table, and under 33 Degrees, and again 
7 (in page 424) I find the given Sine i therefore the Degrees 
ad Minutes fought are 33d. 16m. 
Example 2. Suppoſe you are to find the Degrees and Mints 
arreſpondent to this Tangent 10.183 
Running. over rhe Columns whic have {Tang.) at the Foot 
the Table, you'll (in page 424) cver 56 Legrees, and right 
vainit 47 (An.) the neareſt leſs to be 10.183893, Therefore 
LET : 


BY = I S 1m » 


4112 


y00 The Uſe of the Table of Sine, er and See. Chay l 
reer which wit 
Ln 1 Tangent, Complement, or Secan | 


Example. Suppoſe it be required 
—— — © I | 


Propoſition 8. To fd the Sine, Tangent, — 
Numer of Degrees and Minutes which wet, g Smt of 
The Rule. Subiratt thoſe Degrees and Minutes from 180 De 
Tins, Thagent or foceas, of the Remainder, which wil 
the Sine, Tangent, or Secant required. 
— Example. Suppoſe you are ts the Sine d, 
Subtract 132d, 19m. 2a, - + nn. 
47d. 43m. Sine of which is the Sine required. 


4 L Arithmetic of am Le 


The Complement Arithmetic of a Logarithm is, what i 
wanteth of 10.000000 or 20.000000, and is uſed to Woid 
traction; For finding it, this is 
be Rule. Take the Reſidue or Remainder, of the firſt Fin 
to , and ſo of the reſt, until you come to the laſt Figure, 0 
which take its Remainder unto 10, and it's done. 


— 1. I would have the Complement Arighmeti 
For the firſt Figure 9 write o: for 6, 2; for for 
for 9, 0; om nn TAKA * 1 
io you have 0.374052, for the Complement Archaic uh 


_ _ 2. The Complement Arithmetic of 10.33138] 


For o 1 rejecting the firſt Figure, when there are! 
Figures in the Characteriſtic) write g ; and ſo on as before 
rected ; and then you will have 5 


plement Arithmetic of 10.331 277. 


C 


Chap. H. Tho Uſe of the Table of Diff. Lat. n you 
CHAPTER IL. The and Uſe of the Table 


ridian, in pages 306 and 307. 
) HIS Table, tho” ſtanding in fo little a 
T Git give the Diference of Latitude and' Departwe for any 
Diſtance run, under 10.000; and for every Quarter Point of 


Head it begins at 4 Point, and then | Point, 2 Point, arg 

* to 

4 Ar the Foot it begins at 4 Perg. and then 4 Na- 
41 Points, 4 1 Points, increaſing backward to 7 + Points. 

* nn intle two catalint Cites of 

„ach Page, under and over the Word Diſt. both à the Right- 

1 hand and at the Lett- hand, beginning at 1; and 


increaſing 
downward to 10, about half way each Page; and then begin- 
ning again at 2, and from ——— to 0, at the Foot ; 


of each Page. 

The Difference of Latitude and Departure from the 
ſtand under the Courſe at the Head of the Table, and over the 
Courſe at the Foot thereof ; which are diſtinguiſhed by the Words 
Lat. and Dep. 

The Uſe of this Table Pull de made evident in reſolving a 
ingle Courſe (which is the firſt Caſe of Plain Sailing ) and a 
Traverſe, in theſe following Propoſitions. 

Propoſition 10. Courſe and Diſlance Run given; to find the Diffe- 
rence of Latiiude and Departure from the Meridian ? 


On the Leſt-hand in paze 30 6, (of the Table under 1 Point, 


nd ri 
Word Lat.) 5. 6492, and (under the Word Dep.) 2.2013, 
r the Difference of Latitude, and Departure required, 
But it may ſuffice if the Difference of Latitude and 


* : 
1 5 


bl 
Ws 
., er League ; with this Allowance, that is, 
L 
Ne 


| o 
þ 


9 aw Ow + wry w 


n 3 


the Compaſs. 
"The Courſe ſtands at the Head and Foot of the Table; at the 


Example 1. Admit a $hip ſails Shy W $ W. 6 Amn, I demand 
the Difference of Latitude and Departure from the Meridian ? 


© againſt 6 Minutes, nde Dif. vou will find (under 


e taken only in Leagues or Minutes, and tenth Parts of a Mi- 


$02 The Uſcof the Table of Diff. of Lat. and Deg. Chap. Ut: 
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This muſt be taken out at thrice ; that is, ſeek the Difference 
of Latitude and Departure, ph for m. 30. 


then SW by W. 23m. J demand the Di 


| Journal, in page 274. being what the Log-Board made out for 


Thats, for. of Lat. is 110 Min. and Dep. is m. $1.6 Tenths. 
Propofition 11. Several Courſes and 5 given ; 1s find the 
er. of Lat. and Depart. which is the ref a Traverſe. 
Admit a Ship ſais WSW. tom. b W Nm. 0. 4 
of Latitude and 
direct Courſe, and Diftance the firſt Place? 
Theſe Courſes and Diſtances ate taken from the foregoing: 


the firſt Day after departing from the Lizard. 
In order to the working this by the Traverſe Table, ſet down 
the ſeveral Courſes, (ns Slane, as — 


. Difference of Laticuge \ IS. 


pus 4 The Ub of the Taleo Dif of Lar. and Deg. Chun. 


by Chapter 3. Section 3. 
Problem 6. of Plain Sailing, in Page 63. ' 


By which you wil find the Courſe to be near WS W. the 
Dittance 138 Minutes, as you may ſee in the Journal for the rſt 
Day therevt, in pages 274, 275, 288 and 289. 
Chapter III. The Uſe of the Table of Meridional Parts, 

( in page 308.) 

"HIS Table ſheweth the Me. idional Parts for every Minute 

of Latitude ; and is thus to be underſtcot : 
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771220] 2. | 2.771449] 2.771514] 74 
591 [*-77 1955] 2.772028| 2-772102] 2.772175] 2.772248] 73 
592 fz. 72683} 2.772762] 2.772835] 2.772903] 2.772981 73 
$593 [*:773427[2:773494| 2:773507| 2.723040] 773713} 73 
$94 [37741521 2.774225} 2.774295] 2.77437] 2774444) 73 
595 [*-774882| 2.774955 | 2-775928} 2.775100 2.775173} 73 
595 [2.775610] 2.775683 | 2-775756| 2.775829] 2.775902} 73 
| 597 [776338] 2.776411 | 2.776483 2.776556| 2778629 73 
598 [2.777064 [2.777137] 2-777209] 2-777282)2.777354| 73 
599 777892772862 2.777934] 2.773006 
600 778513 2.773585 | 2.778658 
601 . 779236 2.779308} 2.779380 
602 [2.779957 | 2.780029 | 2.780101 
603 [2.78677 | 2.780749] 2.780821 
504 [2.781396] 2.781468] 2.781540 
2.782114 }2.782186] 2-782258| 2. 
2.732831 | 2.782902] 2.782974] 2. 

| 2.783689 
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2.7 2.785 
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2.78865 


ws fr Yo od: ÞÞ + > » SS — © — 7 


aa 
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[2.796574 
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2.807535 2. 


2.810904 


2.789581 
2.790485 
2.791691 


2.793092 
3.793790 
2.794488 
2.795185 
2.795880 


2.797 268 
2.79796 
2.7980 

2.799341 
2. 800029 
2.800717 


2 902089 
2.802774 


2.853457 


2.804821 
2.805501 


2.808211 
2.802886 


2.809560 
2.810233 


2.811575 
2.812245 
2.812913 
2.813581 
2.814248 
2.814913 


2.816241 


2.801404 | 


2.815578 |2. 
2.816904 |2. 
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2.789651 


2.790356 2. 790426 


2.791059 
2.791761 
2.792462 
2 793162 
2.793860 
2.794559 
795254 
2.795949 
2.796644 
2.797337 
2 798029 


2.802642 
2. 803 5 252. 803 594 


2.811642 12. 


2 317698 


2789722 


2.791129 
2.791831 
2.792532 
2.793231 
2.793930 
2.794627 
2.795324 
2.796019 


2.790713 
2.797406 
2.798098 
2.798789 
2.799478 
2.8001 66 
2. 800854 
2 801541 
2.802226 
2.802910 


2.791901 
2.792602 
2.793301 
2.794000 
2.794697 
2.795 393 
2.796088 
2.796782 
2.797475 
2.798267 
2.798858 
2.799547 
2.800236 


2.811106 
2.811776 


| 2.812445 
2.813114 


2.813781 


2.89183581 2.8 
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2.789792 2.789863 
2.790496 , 2.790567 
2.791 199 


2.794070 
2.79476; 
2.79540: 
2.7961 5 
2.79685 : 


2.797545 


2.795237 
2.795927 
2.799016 
2. 900305 
2. 2 


2.801678 
2.802363 
2.803047 


2.811173 


2.81 


12 
80 
2.813 


2.81 

2.814514 
2.815179 
2.815843 
2.816509 
2.817169 


2 $17830 
2.8 18400 


2.791 269 | 
279197 
2.792072 

2.793371 


2.810501 


2.811843 


rn 
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2.817565 |2. 
25228 J 


888888 


612. 8522 2.81 $689] 2 


| 


333333 
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Oo 


2.7997 4] 2. 23 
— 1 8 


2. 9019522. 
2.802568 2.802637 


2|$2288II88F8| T2 
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—_——— 


2.808318 
2.809492 
2.810165 
2.810837 
2.811508 
2.812178] 
2.812346 


2.809290| 2.809358 | 
2.809963 | 2.810031 
2.840636] 2.810703 
2.811307|[2.811374 2 


2.811977 Comes ix bens 
2.81 2645 2.812713 2.812780 
2.813314] 2.81336 2.813447 2.813514 
2.81398 1 2.814048 [2.814114 2.814181 
2.814647 2.814714 2.814780 2.814847 
2.816312 2.81 5378 2.815445 2.815511 
2.815976 2.816042} 2.816109; 2.81617 75 
2.816639 2.816705 2.816771 | 2.81683 

2-817301 | 2.817367] 2.817433 | 2.817499 
2.817962 2.818028] 138093 2.818360 
19754 2.81881 


; — s 


Y 3 


$31230,2.831294|2-$31358|2 831422} 2.83 1486 
31870 | 2-831934 2 831998[2-832063[2.832125 
32509 2.832573 2.832657 |2.832700| 2.832764 
33147 2.833271 2-333275|2.833338| 2-83 7402 
$4 | 2.833848 |2-8$33912| 2.83397 5] 2 $34039 
2.834484 [2.334549] 2.834611] 2.8346; 5 


2.837020 |2-837083|2.83-146| 2.837209 

| . 837652 |2 837715a 837778} 2.837841 
2.838282 [2.338345 [2.838408 

2.338972 [2-33897)5 [2.839238 2.839 


2144665 : 
63 12-3447 2 
$45284 | 2-245346 


9947 [2.830011 |a-83007 52.830392. 8 3204 
0589 f 2.830653 [2.830717| 2.850731 |z 87843 


6: 2.835120 2.835183 2.835266 2.835310 
621.3374238 f [2.835881! 2.835944 | 
2 836387 2.836451 2.83651 2.836577 | 


6—— 6—— „„ nnd 


3. |4__ 

2.$1908z | 66 
$| 2.519741 98% 66 | 

66 

| 6G 

2.821710 4.821775] 65 

2.822233 2.822299 2.822364 bi 65 
2.82223 | 2.8 2.822952] 2.82301 7 [2.825 3 65 
2.823605] 2.$23670|2.823735| 65 

2.824256] 2.824321 [2.824386 | 65 
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2.819281 Inga 
2.819939 2.820004 
— 4 2.820661 
oy ne 221317 


r 325815 2.325680 | 
1 2.826464 | 2.826528] 2. 
7046} 2.827111 J2a.827175 [2.8 


2.921972 
2.822560 2.822626 


8 

2.829412 
2. 820070 
2.820727 
2.821382 


822037 
2.82259 


2.831302 


812.3831742 
(2.832381 


26833019 
2.833657 
2.834293 


4.834929. 
2.83 56 


2.830197 


© | 
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| 2-846523 2 55 

2.547141 2.847 202 

9612.847758 2.847819 
| 2.848374 2.848433 


2345989 154. 
2.849604 | 2.849665 | 
2 $50456 2.850217 2.850279| 
2.830769 2.858830 2 850891 
2.851442 |2.851 503 
2852053 2.832114 
2.852602 2.852663 2852724 
2.853211 
2.853820 


SEE 


| 65 
60 

60 

553578 60 

60 

60 

60 

60 

6⁰ 

60 

| 39 

| $59 

59 

— 2K 

59 

59 

39 

| 99 

| 59 

| $9 

2 2.86y25 | 2869349 59 
741 [2.869818| 286987) 2.369935 | 2.369994 59 
742 2.8 70% 2.870462| 2.870521 [2.870579 [2.970638] 58 
0 743 127759 0G +8116 2.871164 2 58 | 

. 

288 1287297 2 372630 12690 387 1248 "28718061 21 


—— 


dessss 


2.872098 


e | 
2.847264|2.347 326} 2,847398 |2.847449y 2.847311] 62 
2. 848004 2.84652 84812) 62 
2.848620 | 2.848682, 2.843743} 62 
2.849235 |2-549290' 2.349355} 61 
2.349345 2.34991 1 | 2-349972 61 
| 2.850462 2 850524 2.850585] 61 
2.851075|2.851136/2.351197]} 61 
z | 2.85 1680 2.851747 |2 851805] 61 
2.852297 2.8238 2.852419 61 
2.852785 2.852846 2.85290 2.852968 2 853029 61 
2.853394 13-853455 Re 2.873637 61 
2.854002 |2 854063 |2.854124|2-$54184| 2854245 61 
2.354610 [2-85467<| 2.854731 | 2+354792| 2.854852} 61 
2.855216[2.855277| 2.855337 |2-555398| 2855459 61 
2.855222 [2.855582] 2.855943 2.856003 2.8 56004 
| 2.856427 [2.850487] 2.856548 2.856608 2 856668 
2.857031 2.38570g1} 2.857151 2.857212 2.857272 
2.857634] 2.857094] 2.857754 2.857815 2.857875 
2.858230 2.858296] 2858357285847 2.858477 
12.858838 2.858898 82.859018 2.859078 
2.8 812.3 8 2.359619 2 959079 "oo 
3 (24822380. 8552557580 2822182382277 6e 
25 | 2.860637 2.820817 2.860877 60 
52.861236 2.361415 2.801475 60 
2.861833 . {2.862072} 60 
2.862430|2. 2.862608 2.362665] 60 
2.863025 2. 2.863204\2. 863263} 60 
2.863620 z. 2.863798 2.863858 59 
| 2.864214] 2, 2.864392 2 864452] 59 
| 2.804808 . 2.864985 2.855045 59 
2.868400 2 2.865578 2 895637] 8 
2.865169 2.866228 59 
2 866760 2.866819] 59 
2.867350 2.867409 59 
2.867880 2.807939 2.567997] 59 
; | 2.868463 | 2.858 527 2.858580 59 
2.809: 14| 2.899173] 59 
8 2.869760} 59 
870287 | 2.970345} $9] 
2.870813 2.870872 | 2.87093 53} 
2.871398 2.871456 [2.877515 
2.871981 ]2.87 2040 58 


2.873902 
2.874482: 
: 875061 
2.87 5640. 


2.872215 
2.872797 
2.87 3379 
2,87 3960 


2.878579 


79096] 2.879153 


2.879726 


21 2.880299 
4 2.880871 
1 2.381442 


2.832012 
2.882 581 
2.883150 


| 2.877429 2. 
7 | 2.878004 


2.872273 02. 


2.879211 2. 
2.879784 
2.870356 


2.880928} 


3888833 


- — 


338888 


2.895533 
30608 
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2.842 740 2.892595 


2.893096 2.393151 
782 [2.893484 [2 2.893651 [2. 
783 2.894039 28422225 


784 2.894 894648 
7095 10 45 1775 
4.995039 2.895754 
2 $9625 1 [2.896306 


_—=— — 


2.890581 


2.902601 


2.903687 
2.904228 


2.905310 


2.912222 
2.912753 
2.31 3284 
2.913814 |2. 

2.914343 
2.914872 
2 9154602. 
5.903927 &. 
2.916454 
2.916940 


2.317033 


2.907083 
2.91 8607 
2.989130 


— 
* 


2.902057 f. 90 
2.903144 |2. 


2.904770 f. 


2.917558] 2. 
2.918135 


— 3 
2.896636[2.836691 
2.897242 
2.897792 


2. 898890 


2.899985 
2.900631 
2.901077 
672.9012: 

2.902100 
2.902710 
2.903233 
2.993793 
2.904337 
2.994378 
2.995418 
2.905958 
2.906497 
2.997035 
51912907773 


2.908109 
2.908046 
2.909181 
2.9097 16 
2,910251 
2.910784 
2.911317 
2.911850 
2.912381 
2.912912 
2.913443 
20913973 
2.914502 
2.915030 
12.915558 
2 916085 
2.916602 
2.917138 
| 2.91 7663 
2.918188 
2.918659] 2.918712 


2 91918 2.919236 


2.898341 


2.899437 


** 
2.8967 47 
2 897297 
2.897847 
2.898396 
2.998944 
7.899492 
2.900039 
2.900586 
2 901131 


2.901676 80 
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2.9 4 22 20 | 
2.902704 


2.903 zo 


2.904391 
2.904931 


2.905472 


2.90601 2 
2.990550 


—_— 
2.9081 63 
2.903699 
2.909235 
2.309770 


2.910304 
2.910838 


2.911903 


2.91 2966 
2.91 3496 


2-314555 
2.915083 
2.915611 
2.916138 
2916664 
29719 


2.918240 
2.91 $765 


2.903849] 5 


2.907089 | 


2.911371] 
2.912435 | 


2.914026 | 


291777; 


919287 


—_— 


| 795 2 902275 
799 2.902818 
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805 fa 906604 
1807 [2.90714 


$08 [2.907680 
809 [2.908217 


810 2.908753 
$11 | 2.909288 


812 [2.909823 


813 [2.910358 
18142910891 


815 [2.911424 
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312912116 


2.905148 
2.905688 


2.910571 
2.911104 
2.911637 
2.912160 
2.91 2700 


2.911584 


2.912647 
2.913178 


2917925 
2.918450 
2.918973 


2.919496 


2 919601 


2.9201 23 


2.920675 


2.921166 


2.921686 


2.922206 
2.922725 


2.927370 
2.927883 
2.928390 
2.928908 
2.929419 
— 


2.920175 
2.920697 
2.921218 
2.921718 
2.922258 
2.922777 
2.923290 
2923814 


12.924331 


2.924848 
2.925304 
2. 925879 
2.926394 
2.926908 
2.927422 
32 44 
2.928447 
2.928959 
| 2.929470 
2.929981 


2.930440 | 2.9394 6 


2931458 
2.93 1956 
—— 


2 — 


2.939949 þ- 


2.931000 
2.931509 
2.93 2017 
2.932524 
2.933031 
2933538 
| 2.934044 
2.934549 
2935054 
2.935558 


2." 8 3705 


2.920749 
2921270 
2.921790 
2.922310 
2.922829 
2.923349 
2.923305 
2.924383 


2.9248% 
2.925415 
2.925931 
2.929445 
2.926959 


2.927473 


2.927980 


2.928498 


2.929010 


2.929521 | 


2 930022 


2.93034 | 
2.931051 
2.931 500 
2.932068 
2.932575 
2.933082 
2.933588 
2.934094 
2.934399 
2.935804 
2935604 

2.63611 ' 


2.93001. 


5612.937110 


2.937018 
2.938119 
2.938620 


2.9391 20 


223197 57 


2.920228 [2.920280 


2.92080 
| 2.921322 
2.921842 
2.922302 
2.922881 
2.933399 
2.823917 
2.924434 
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2.925982 
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2.928037 
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2.930083 
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293215 
2.932620 
2.933133 
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| 2 
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2.93554 
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| 2.930102 
2.936604 
2 93710, 
8| 2.93760 
2.93810 

2 938670 
2.9391 70 
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2.94416 3 
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2.921894 
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2.923969 
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2 927002 
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2 030043 
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2 331601 
2 93216, 
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2. 334195 
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2987715 


12 93821 


2.93872 
24939220 
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| 2.94021: 
2.940716 
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2.925002 
2925518 
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2 928601 
2929112 
2.929523 


2.332677 
2.93309" | 
2.95 | 
2.335205 
2.935709 | 


2936715 
2 937207 
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2 928140 
2.928652 


2.929674 
2.9301 85 


2.925054 
2.925570 
2.92005 
2.9260 
2.927114 


2.929165 


12.923037 
0342923555 
;| 2.924072 


2.925106 


; 


2.922518 


2.924535 


2 925621 
2926137 
2.92665 
2.927165 
2.927678 


2.93272] 


2 933234] 2 933285 
296] 2.934347 | 


306 2.935356 | 
2.93560 


2.949367 | 


2.920489] 2.920541 2. 
2.921010| 2.921002 
2.921530 
9982.922050 |2. 
2.922570} 
2.923088 | 2. 
2.923607 | 
2.924124 | 2. 
2.924041 2. 2.924 
2.925157 | 2. 
2.925673 


2 926188 
2.926702 | 


2.927216] 2.927 
292773029 


2.928242 2 
2.928754 
2 929206 
2.929770 


6 2.930287 | 2. 


2.939790} 2 
2.931305 
2.931814 
2 932321 
2.932829 
2.933335 
2.933841 


2.934852 


2.936363 
2 
2.937307 
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2.939370} 
2.939870 
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2.939868 
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e FN Br, | 3 E 
2.941511 2.941561 2.942011 247885 Ro 50 
2.942008 | 2.942058 [2.942107 2.942157 | 2 942206 50 
2.942504 | 2:942554 5 — 2.942653 2.942702 50 
2.943000 | 2.943049 2.943145 2.943198 49 
[2.943494 | 2:943544| 2.943593 | 2:943643 [2.943692| 49 
2.943989 | 2.944038| 2.944088 |2.944137 [2.944136| 49 
2.944483 | 2.944532 | 2.944531 [2.944631 f2.944680| 49 
2.944970 | 2.945025 | 2.945074 2.945 1242.945173 49 
2.945469 | 2 945518| 2.945507 [2.945016 12.94 49 
2.945964 | 2.946010| 2.946059 [2.946108 [2.940157 | 49 
2.946452 | 2.946501 | 2.946550 | 2.946600 [2 946649 49 
2.946943 |2-940992 | 2.947041 2.947 90 [2.947139] 49 | 
2947434 |2:947453 | 2.947532 [2947581 [2.94763-| 49 
2.947924 [2-947973| 3.948021 [2.948070 [2.948119] 9 
2.948413 2.948452 | 2.94851 1 2.948560 | 2.948608] 4% 
2.948902 [2.948951 | 2.948999 |2 949948 [2.949997 | 49 | 
2.949390 | 2-949439 | 2.949488 [2.949530 [2.949535| 49 
2.949878 |2.949920| 2.9495 7 5 | 2.950024 [2.950073] 4y 
2.950365 2.950413 2.950462 | 2.950511 2.959560 49 
2.950851 2.950900 2.950949 2.950997 [2.951046] 49 
2.951337 2.951386] 2.951435 [2.951433 951433 [2.951532 * 
2.951823 2.951872 2.951920 2931909 2 952017} 9 
2.952308 | 2.952356] 2.952405 29524532 952502 48 
2.952792 2.952841 2.952589 | 2.952935 * 957986 48 
2.953270 2.95 35812253373 2.953421 2.653470 48 
2.953760 | 2.953808| 2.953850 2.953905 2.953953 48 
2.954242 | 2.954291 | 2.954339 | 2-954337 [2954435| 48 
2.95475 2.954772 2.954821 |2.95450y [2 954918 48 
2.955296 |2-955255 | 2.95536; |2.95535* [2 955399] 48 
2.955688 | 2-955730| 2.955784 [2-955832 [2.955880] 4 
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